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EDITORIAL NOTE 
Problems Department 


Plans have now matured for the 
activation of a Problems Depart- 
ment in Industrial Quality Control. 
It is expected that the March issue 
will carry the statement and discus- 
sion of one, and possibly two, con- 
tributions already received and un- 
der study for publication in this 
new department. 


Mr. G. Rupert Gause of the Bell 
Telephone Laboratories has ac- 
cepted the invitation of the Editor- 
ial Board to serve as Editor of the 
Problems Department. Contribu- 
tions to and correspondence con- 
cerned with activities of this de- 
partment should be directed to Mr. 
Gause at the Laboratories, 463 West 
Street, New York 14. 


Neither the Editorial Board nor 
Mr. Gause is entirely satisfied with 
the caption “Problems Depart- 
ment.” Suggestions for a_ better 
title for this department are invited 
and will be considered. 


It is hoped that members of 
ASOC will use the resources of this 
department to help them find use- 
ful answers to questions of either 
a technical or operational nature 
concerned with the industrial use 
of statistics. If you strike, or have 
struck a knot in SQC that you 
can't unravel to your satisfaction, 
let the Problems Department have 
a try at it. As rapidly as suitable 
solutions can be suggested, and 
within reasonable space limitations, 
challenging problem material from 
our readers will be published. 


Make sure your problem ts 
clearly, concisely, and completely 
stated: neither Mr. Gause nor the 
men he will call on to assist him 
are mind readers! Contributions 
must be signed, but where the con- 
tributor requests anonymity in pub- 
lication, his request will be hon- 


ored. 


The Problems Department will 
not be interested in airing gripes 
or haggling over trivialities: there 
are enough real problems of gen- 
uine merit arising in the field of 
SOC to keep it busy. We have the 
talent in ASQC to help you if you 
have such a problem. We have a 
competent editor in charge of the 
department. You supply the am 
munition, and let the Problems De 
partment see how many bull's eyes 


it can score ! 
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Products that require close inspection merit 


JO-BLOCK PROTECTION — 





A section of the special, air-conditioned, temper- 
ature-controlled department at Brown & Sharpe, 
where all finishing operations of Johansson 
Gage Blocks are performed. 

To assure excellent manufacturing conditions, 
the department is divided into three sections; 
one for finish grinding, one for rough lapping 
and one for finished lapping and final inspection. 


g *Y 


Johangson 


F your products must meet close standards of accuracy, 
I they'll warrant the use of measuring equipment peri- 
odically checked against Brown & Sharpe Jo-Blocks. 
With this protection, finished work meets specified 
tolerances comsistently. Errors caused by poorly set 
measuring tools or worn gages will be caught before 
they can do serious harm. 


The ever-growing use of Jo-Blocks demonstrates their 
industry-wide importance . . . as master laboratory stand- 
ards for setting and verifying work standards; as actual 
working gages; and as positive guides for laying out and 
setting up work with great accuracy. 

Brown & Sharpe Jo-Blocks are made in 3 guaranteed 
accuracy standards; .000002", .000004” and .000008” 

. sold as single blocks or in sets. Write for new illus- 
trated booklet on Jo-Blocks and Accessories. Brown & 
Sharpe Mfg. Co., Providence 1, R. I., U.S.A. 
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Practical Applications of New Theory 


A Review 


PART IN—ANALYTICAL TECHNIQUES 


FREDERICK MOSTELLER and JOHN W. TUKEY 


Harvard University 


E shall not repeat the introduction to this series 

given in Part I, except to remind the reader that 
we are presenting new methods, some of which have 
not been tried in industrial work. In the present 
article we take up a few special analytical techniques 
Among these are the problems of comparing several 
samples, analysis of variance, and determining the re 
liability of measuring instruments. We also indicate a 
kind of problem in which statistical theory tries to 
serve as a mathematical model for a mechanical phe 
nomenon 


COMPARING SEVERAL SAMPLES 


The problem of comparing 3, 4, 5, and so on up to 
perhaps 20 samples is just beginning to attract con 
siderable attention. This is not the control chart prob 
lem, and the methods developed for this problem are 
unlikely to be used in contro] chart work. A reason 
able industrial application would be the comparison 
of five or ten sources of supply for some raw material, 
piece part, or subassembly as to the average quality of 
the product submitted. Does Smith Bros really make 
better stuff than Brown & Company, and how about 
Jones Associates and the Robinson Corporation? 

Ihe basic philosophy involved here is still being 
hammered out on the twin anvils of debate and actual 
Lise There will be no final answers for some time, 
but there are some methods and soon there will be 
more The questions that have attracted more in 
terest seem to be these: How sure am I that the sample 
which seems best really comes from the best popula 
tion? How many populations can I discard as surely 
not the best? On all these questions there has been 
sore progress 

\n adequately searching test of the first question, 
How sure am I that the sample with the largest mean 
really comes from the population with the largest 
mean?’, is lacking and needed. A quick and simple 
test has, however, been proposed by Frederick Mos 
teller a k-sample slippage test for an extreme popu 
lation,” Annals of Math. Stat. 19 (1948) 58-65], who 
has given tables covering six or fewer samples of equal 
sive and has discussed approximate formulas for other 
cases 

These approximations and simple direct nrocedures 
for calculating significance levels for equal and un 
equal sample sizes have been studied by Mosteller and 
Pukey [Memorandum Report 9, Statistical Research 
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Group, Princeton University, submitted to the Annals 
of Math. Stat.] 

Ihe test is designed particularly for the case where 
the k populations are al] alike, except that one has 
been shifted bodily upward (hypothesis of simple slip 
page). The procedure is to count the number of ob 
servations In one sample which exceed all those in all 
other samples. For k samples of equal size, there is 


about one chance in k’ that the s+-1 largest observa 
tions will lie in a single sample. Thus for five samples 
the appearance of the three largest observations in the 
same sample is about at the 5°) level (s = 2). While 
it is not searching, the extreme simplicity of this test 
makes it interesting 

\ similar question about the largest sample mean 
is this: “Am I sure that its populatidn mean is larger 
than at least some of the others?”. The case where 
there is an estimate of the true variance of each sample 
mean (as is usually the case), and where these estimates 
are equal (often true for samples of equal size), has 
been investigated by K. R. Nair [The distribution of 
the extreme deviate from the sample mean and its 
Studentized form,” Biometrika 35 (1948) 118-145}, 
who gives rather extensive tables 

Earlier related work includes that of W. R. Thomp 
son [On a criterion for the rejection of observations 
and the distribution of the ratio of deviation to sam 
pling deviation,” Annals of Math. Stat. 6 (1935) 210) 
and A. T. McKay [The distribution of the differences 
between the extreme observation and the sample 
mean in samples of n from a normal universe,” Bio 
metrika 27 (1935) 466) 

The next question: “To what extent can I separate 
the populations into groups?”, has been attacked by 
David B. Duncan, (in an lowa State College thesis 
his methods have not vet been published), and by 
John W. Tukey [“Comparing individual means in the 
analysis of variance,” Biometrics 5 (1949) 99-114], who 
proposes: First, break up the populations into definite 
groups which we are sure do not overlap. Second, 
identify straggling populations within these groups, 
which we are sure differ from some of the other popu 
lations in the group. And finally designate some of the 
suull unseparated groups as significantly varying among 
themselves. (In comparing the results of different au 
thors the question of definition ot significance levels 
should be kept in mind—it varies and has not been 
standardized.) Earlier related work includes that of 








D. Newman [The distribution of range in samples 
from a normal population, expressed in terms of an 
independent estimate of standard deviation,” Biomet 
rika 31 (1959-40) 20-50), who proposed using the distri 
bution of the Studentized range as an aid in dividing 
mecans imtoo groups 

Phe third question How many populations can | 
discard as surely not the best?”, has been brought up 
by Edward Paulson \ multiple decision procedure 
lor certain problems in the analysis of variance,” 
Annals of Math. Stat. 20 (1949) 95-98], who proposes 
to retain all those populations whose sample means 
are sufhciently large where “sufhciently” is to be de 
termined by reference to the distribution of the Stu 
dentized range. The details of applying this procedure 
in practice are not touched on 


THE ANALYSIS OF VARIANCE 

One development which is not recent in years, but 
whose Hiportance has not penetrated the textbooks, 
is the relative unimportance of normality. B. L. Welch 

Qn the ztest in randomized blocks and Latin 
squares —, Biometrika 29 (1937-8) 21-51] and I | G 
Pitman [Significance tests which may be applied to 
samples from any populations III The analysis ol 
variance test,” Biometrika 29 (1937-8) 322-355] showed 
that the F-tests of the elementary analysis of variance 
ire good approximations, no matter what shape the 
distributions of the errors may have. This means that 
the usefulness of the method is greater, and its scope 
is wider, than might have been thought. With the ex- 
ception of this very important point, the essentials os 
the classical analysis of variance are reviewed excei- 
lently in three articles in the March 1947 number of 
Biometrics [Churchill Eisenhart, “The assumptions 
underlying the analysis of variance,” 3, 1-21; W. G 
Cochran, “Some consequences when the assumptions 
for the analysis of variance are not satished,” 3, 22-28: 
M.S. Bartlett 
(Extensions to the case of more than one dependent 
variable have been discussed recently [Maurice G 
Bartlett, “Multivariate analysis,” Suppl. to the Journal 
of the Roval Stat. Soc. 9 (1947) 176-197; John W. Tu 
kev, “Dyadic anova, an analysis of variance for vec 
tors,” Human Biology 21 (1949) 65-1101.) 


Ihe various methods of separating means into 
~ 


The use of transformations,” 3, 39-52) 


groups, which we discussed earlier, are a part ol analy 
sis Of variance theory. The problems of knowing when 
to seck for a transformation, or when to re-examine 
the observations for a discrepancy are old. A partial 
solution has now been provided by a technique for 
testing for non-additivity [John W. Tukey, “One de 
gree of freedom for non-additivity,” 
(1949) 939.949 


PRECISION AND VARIABILITY OF INSTRU- 
MENTS AND PRODUCT (AND MEN) 
Frank FE. Grubbs [“On estimating precision of meas 
uring instruments and product variability,” J. Amer 
Stat. Assn. 45 (1948) 245-264) has deve loped a method 
for breaking down observations into components that 
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is of interest to the research and development man 

It 1s assumed that a measurement consists of two 
components, one being the true value and the other 
an error of measurement. When we have two measur 
ing instruments, we can re prese nt an observation cor 
responding to a single trial as follows 
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Measurement by True value of x plus 
Instrument | - ( error | 

Measurement by True value of x plus 
( Instrument 2 error 2 


Of course on each trial the x's change and so do the 
errors. Now since variances add up we can get directly 
from the variance of the observations for instrument 
number | an estimate of 

variance of true values + variance of error 1 
and from instrument 2 

variance of true values +- variance of error 2. 
If we obtain the difference in instrument readings for 
each trial and take their variance we get a new quan- 
tity which estimates 

variance of error 1 + variance of error 2. 
Ihe variance of the true value is missing because in 
each trial it is the same for both instruments, and 
taking differences kills it. From these three sums we 
can easily work out separate estimates of the varia- 
bility of the true value and of the two errors. For ex- 
ample, if the three computations revealed variances of 
32.0 and 20.6 for the first and second instrument, and 
15.6 tor the difference, we would get 18.5 for variance 
of true values, 13.5 for error of instrument | and 2.1 
for error of instrument 2. Instrument 2 seems much 
more accurate. We could easily have gotten the dif- 
ference of the error variances by subtracting the first 
two quantities, but we wouldn't have known how 
much variability was due to the true values changing 
from trial to trial. Grubbs, of course, gives details, 
pays attention to the degrees of freedom, and carries 
the analysis forward for 5, 4 and N instruments. An 
example is given in which three observers are the in- 
struments and a comparison is made of the reliability 
ol the observers 

The possibility of such calculations was noticed, and 
experimental evidence of the difficulties which some- 
times arise with human observers was obtained by Karl 
Pearson many vears ago [On the mathematical theory 
of errors of judgment with special reference to the 
personal equation,” Philosophical Transactions of the 
Royal Society of London, 198A (1902) 235-239, espe 
cially 240]. Similar problems in psychological testing 
have been discussed through the years [for example, 
Karl Holzinger, “The reliability of a single test item,” 
J. Educ. Psychol. 25 (1952) 411-417] 

STATISTICS AS A BASIS FOR A 
PHYSICAL MODEL 

Olten when we use statistics as a means of treating 
data, we ltorget the possibility of statistical models to 
help explain what is going on in a dynamic physical 
process. Sometimes we can use statistical assumptions 
to build a theoretical structure, just as the binomial 
theorem was a starting point for the Mendelian theory 
ot heredity. We will discuss one such model with in 
dustrial applications. 

The general problem is that of fracture and break 
age in metals, textiles, glass, and other materials. An 
expository paper that gives an extensive bibliography 
on the problem of fracture is that of Epstein [“Appli 
cation of the theory of extreme values in fracture 
problems,” |. Amer. Stat. Assn. 43 (1948) 403412}. 
Epstein suggests that the kinds of thinking thus far 
have been that Haws in materials are either in series 
or in parallel. When we think of them as in series, 
then the “weakest link” notion is applicable—that is, 
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of bundles of threads. I,’ Proc. of the Royal Stat. Soc., 
London, 183 (1945) 405} has taken the problem from 
the point of view of flaws in parel.el. Then we no 
longer have the “weakest link” theory. He assumes 
we have n threads which must support a load S, with 
each thread carrying S/n. Although the distribution 
of strengths of single long threads is negatively skewed, 
it turns out that the distribution of the strengths of 


the worst flaw among N flaws determines the strength 
of the specimen. Usually the number of flaws is 
thought of as large, and asymptotic extreme value 
theory applies. Such theories suggest, for example, that 
the breakdown strength V (A) of capacitors of area A 
should give a straight line, when plotted against the 
logarithm of the area A. The height of the line would 
be determined by the number of flaws (conducting 


particles) per unit area and the slope would be deter 
mined by the particle size distribution 
H. E. Daniels [‘“The statistical theory of the strength 


such bundles of threads is nearly normal for large n 
under pretty general assumptions about the distribu 
tion of strengths of individual strands. 


Quality Control—1949 Model’ 


MARTIN A. BRUMBAUGH 


S background for discussing 
A ithe 1949 situation, let us trace 
briefly the major developments in 
quality control since the end of the 
war. The second half of 1945 was 
marked by reconversion rather than 
by production. Most firms planned 
a return to their prewar lines of 
production, and the management 
of such concerns divided into two 
groups, broadly speaking: (1) those 
that also attempted to return to 
prewar methods of production, and 
(2) those that retained their war- 
time quality control systems but 
converted them to civilian produc 
tion requirements. The immediate 
effect of this was to reduce the de 
mand for quality control operators 
with the obvious result that many 
well-trained operators drifted into 
other types of work. To the credit 
of the many persons who left qual 
ity control work after the war, it 
should be stated that the quality 
control point of view acquired dur- 
ing the war increased their value in 
other types of work and few of 
them were misfits. 

This ebb-tide in quality control 
was not carried far into 1946, be 
cause many firms began making in 
quiries about the usefulness of sta- 
tistical techniques as soon as pro 
duction of civilian goods was un- 
derway. The background of this 
was quite obvious. Precision work 
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had been forced upon factory per- 
sonnel during the war. Industrial 
leaders carried that concept of pre- 
cision into their postwar planning. 
The firms that attempted to return 
to prewar operating methods were 
soon in trouble. Precision work re 
quired active and immediate con 
trol of operations; the quality con- 
trol man had the devices for achiev- 
ing and maintaining the required 
finger-tip control; hence the grow- 
ing demand for his services 

At the same time, fields of indus 
try that had not previously used 
quality control methods began to 
show interest. In this connection, 
we may mention particularly the 
chemical field. Here literally is a 
paradise for the application of sta 
tistical thinking and methods. Mul 
tiple sources of variability are al 
ways present. Laboratories are a 
customed to planned testing pro 
Tests nearly always yield 
precise measured values. Only the 
traditional attitude and training of 
the chemist stand in the way, and 
this obstacle is temporary, not per 
manent. Expansion in the textile 
held has been noteworthy, as also 
is the case in food processing, but 
in the drug and pharmaceutical 
fields, the growth of the use of the 
statistical approach is amazing. 

Another favorable postwar de 
velopment is the fact that quality 
control men are broadening thei 
operating base. Many of the war 
time systems consisted primarily of 
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control charts and sampling plans 


in receiving inspection These 


techniques continue to be the back 
bone of quality control, but as the 
scope of the quality control func 
tion expands, the need arises for 
significance tests, designed exper- 
ments, variance analysis, correla- 
tion, and related devices of the sta- 
tistical kit of tools. The need for 
these tools is evidence that the 
quality control man is becoming 
the ace “trouble-shooter” of the 
plant. More and more manage 
ment is recognizing the value of 
this aspect of quality control. One 
example may illustrate this point 
A plant located at the edge of a 
large city has a stack 175 feet high 
\ new municipal airport which 1s 
about two miles from the plant will 
be opened soon. The quality con 
trol man’s problem is: At what den 
sity of airplane traffic, and consider 
ing prevailing wind direction in 
terms of the position of landing 
strips at the field, will the proba 
bility of collision with the stack 
make it profitable for the company 
to purchase insurance against the 
risk? 

Another postwar development is 
the change in point of view ol 
quality control managers. During 
the war the major problem invari 
ably was to reduce scrap and reop 
eration costs and broadly, to goad 
operating departments into qu ality 
control performance which resem 
bled even faintly the standards of 
Today, qual 


vovernment contracts 


itv specifications are ve ired to mat 


ket price; that is, the cost of qual 


| lot 


ity must be rela 


ed 1 the value ol 








quality in the market place. There 
has always been a point of dimin- 
ishing return in the cost of quality, 
but during the war that point was 
far away. Now it is within the 
boundaries of most operations. For 
example: a concern producing 
radio equipment for the signal 
corps during the war was spending 
as much as $10.00 per unit in its 
testing program. After the war, 
this company signed a long term 
contract for the production of simi- 
lar equipment at a sales price of 
$18.75. Obviously, the testing pro- 
gram could not continue on the 
310.00 basis. Th's example points 
to the general principle that the 
control program must be kept in 
step with the economics of the sit- 
uation. Specifically, it means that 
quality control work must pay for 
itself in terms of some combination 
of reduced unit cost, greater cus 
tomer satisfaction, more efficient 
use of facilities, improved design 
or better management. We may 
also state that quality control man 
agers would do well today to eval 
uate their programs in terms of 
the inevitable reckoning that will 
come as the lines of competition 
tighten in 1949 and 1950. 

The evaluation of plant quality 
as related to specification quality 
produces several possible situations. 
If quality is relatively low, the ob- 
ject of the quality control manager 
should be to achieve conformity to 
standard through process improve 
ment. The saving will come 
through reduction in scrap, reop- 
eration and salvage, through better 
relations between production and 
inspection, through better overall 
morale in the plant, and through 
better customer relations. If pres- 
ent operating quality is superior to 
specihcation quality, the quality 
control manager faces a delicate 
problem because he can take either 
of two positions: (1) a very grad- 
ual relaxing of production quality 
with the objective of cost reduc- 
tion; (2) the subtile approach of 
raising specification quality by ad 
justing the thinking of designers 
and top management. If produc 
tion quality and specification qual- 
ity are in step, with customer dis- 
satisfaction nominal, the function 
of quality control management is 
verihcation of quality at minimum 
cost, and the major emphasis 
should be on operating and man- 
agement efficiency. On the other 
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hand, if the equilibrium is accom- 
panied by excessive customer dis- 
satisfaction, quality control man- 
agement must plan to operate on 
all fronts. There are other less 
usual combinations which will oc- 
cur to you, but these are the usual 
situations, and every quality con- 
trol manager should evaluate his 
internal situation and act accord- 
ingly. 

A new point of view for 1949 has 
no more important fact than that 
of scope of operations. This is so 
important that we shall temporar- 
ily defer detailed discussion of it. 

PRESENT MILLSTONES 

Under this title we shall present 
some things which retard progress 
of the science of quality control. 
Some of these are organic, but most 
of them are of the types which can 
be corrected by quality control op- 
erators. 

Many persons unfamiliar with 
quality control continue to identify 
it with sampling. This is partly 
justified in terms of the work that 
is now being done in some plants 
in which quality control methods 
can be found only in receiving in- 
spection. But the general impres- 
sion rests more on the fact that 
quality control was introduced by 
the government during the war as 
a device for speeding the accept- 
ance of material in plants. Today 
the very method of uttering the 
words is intended to convey the 
idea that quality control is rela- 
tively unimportant. Not much can 
be done about this in general, but 
in specific cases the issues must be 
met head on. If any group in your 
plant is telling management that 
quality control is sampling inspec- 
tion, there is no point in your deny- 
ing the allegation to management, 
but there is everything to be gained 
for you and your company by your 
showing management what quality 
control techniques can do in the 
plant. 

Another millstone is the widely 
held view of production men up 
through the level of production 
managers that quality control 
means making and maintaining 
control charts. For this misconcep- 
tion, quality control men are re- 
sponsible. They have not only per- 
mitted, but have fostered the idea 
that a control chart in control is an 
automatic safeguard of quality. 
Rather they should be teaching 
that the chart is a visual tool, and 


that the heart of the matter lies in 
the thinking back of the chart. The 
chart tells the story of operations 
and the trick is to teach operators 
to read the story. Obviously, the 
quality control operator must un- 
derstand the story before he can 
teach it. Beyond this is the service 
which the quality control operator 
can provide when machine opera- 
tions get into trouble. In too many 
cases the operator is left to his own 
devices when trouble arises so that 
he soon rates the quality control 
operator as a fair-weather friend. 

Another set of millstones center 
in the attitude of the quality con- 
trol operator. Here let us hope we 
are talking about a minority, but 
personal experience indicates that 
it is not a negligible minority. 
There are some who lack initiative. 
There are some who lack vision. 
There are some who do not pos- 
sess the statistical concept or funda- 
mental statistical knowledge. There 
are some who are mentally lazy. 
The presence of any or all of these 
defects reflects adversely upon qual- 
ity control science. Yet we are all 
culprits to some degree. Perhaps 
the cardinal sin is complacency. If 
so, the cardinal virtue is a restless 
energy which drives us continu- 
ously to do a bigger job better. 
Specifically, we should plead for 
two things: (1) Quality control 
managers should strive to maintain 
a broad view of functions per- 
formed. The man with manage- 
ment responsibility should not have 
much of his time taken with rou- 
tine. He should be free to study 
the quality problem in broad out- 
lines. (2) From top to bottom qual- 
ity control people should aim to in- 
crease their understanding of the 
statistical approach to problems 
which underlies their science. 

PROBLEMS OF 1949 

The period immediately ahead 
will present some new situations 
for quality control operators. The 
economy is shifting rapidly to a 
buyer's market. Progress in this 
direction is uneven in that some 
fields of industry have already 
reached the stage of tailoring pro- 
duction to demand whereas others 
are continuing at capacity. But, 
overall, it is safe to say that the 
competitive scramble for markets 
is on. This means that the lost art 
of selling is absorbing an increased 
fraction of the time of manage- 
ment. As the selling effort is inten- 
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sified, the pressure on price in- 
creases. Some men in management 
positions are already discussing the 
advantages of meeting price com- 
petition by cutting corners in the 
manufacturing process. Men with 
greater experience know that sur- 
vival and success do not lie in that 
direction. They know that a high 
quality product has all the advan- 
tages in a buyer's market. At the 
same time, they know that it must 
be high quality at the lowest pos- 
sible cost. Therefore, they are 
combing through their operations 
for two things, mainly: (1) points 
at which efficiency can be improved, 
(2) activities which can be curtailed 
or eliminated. 

Quality control departments re- 
ceive careful scanning on_ both 
counts. It is the job of quality con- 
trol department managers to take 
the initiative in self-analysis. It 
might be well to go so far as to put 
on paper estimates of the contribu- 
tion of the department toward 
quality improvement and cost re- 
duction. In many cases the bene- 
fits of quality control are difhcult 
to express in dollars or even in 
quantities. Nevertheless, in mak- 
ing monthly reports, do not hide 
your light completely under a 
bushel. There is the danger of over- 
selling your work, so that judg- 
ment must be*used in how much 
you talk and to whom. But cer- 
tainly some quality contro] opera- 
tors are not contributing as much 
to the advancement of their com- 
panies as they should. There are 
many reasons for this, only part of 
them within the control of the 
operator. At the very least the sit- 
uation calls for a bit of soul search- 
ing and a bit of “get there fustest 
with the mostest.” 

To those who are on the thresh- 
old of quality control work, the 
challenge is there as it has always 
been. In fact, price rises have be- 
come the standard procedure for 
writing manufacturing inefhciency 
into the costs of production. Today 
a price increas. will destroy the 
demand for most any product, and 
in many cases only a drop in price 
will maintain demand. Obviously 
then inefficient operation must go. 
This is an ideal situation for the 
alert quality control operator, be 
cause he has the solution to the 
problem of lower cost without loss 


of quality 
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Rightly you can ask the obvious 
question, “Fine, tell us how it is 
done.” That is precisely what | 
would like to do, and in fact have 
had perhaps insignificant success in 
doing at one time or another. But 
it is my experience that one must 
deal with individual situations 
rather than attempt to generalize. 
I can tell you to discover where 
scrap loss is high, where reopera- 
tion is Costing money, what operat- 
ing departments are supporting the 
salvage department, etc., but these 
things you know 

Let me be somewhat more speci- 
fic concerning problems of the 
chemical industry, in which I am 
working. 

Are the results of research be- 

ing properly piloted? 

Does the pilot plant define op- 

erating conditions so that a 

new process can go into pro- 

duction without costly loss in 
repiloting? 

Can the pilot plant equipment 

actually reproduce production 

operating conditions? 

Do chemists understand the 

risk of error of decision in- 

volved in the design of their 
experimental work? 

Has the process analysis lab- 

oratory catalogued its errors? 

Fquipment, samples, analysts, 

batches? 

Who is responsible for analyti- 

cal procedures on new chemi- 

cal tests? Are the analysts 
properly instructed? 

This list of questions might be 
continued almost indefinitely but 
the approach must be clear. By 
raising this sort of questions in the 
proper way at the right place in 
the plant, many opportunities for 
investigation and improvement will 
develop. 


The simple measurement con- 


trol charts, X and R, of the me- 
chanical industries, in which rep 
licate pieces from the production 
stream are measured at regular in 
tervals and the range between rep 
licates is plotted on the R= chart 
while the average level from in 
terval to interval is plotted on the 
X chart, are frequently not appli 
cable to chemical processes. This 
system is applicable where replic 
cate samples from a_ production 
stream are obtainable and the lab 
oratory analysis results are repro 
ducible with a very small margin 
of error. Unfortunately both con 


ditions are seldom realized, with 
the result that orthodox control 
chart operation is usually not ap- 
plicable in the chemical industry. 
ihere is a very prevalent tendency 
on the part of beginners to make 
replicate analyses of a single sample 
in the laboratory and use the range 
of these replicates in computing 
control limts for the average chart. 
If the reproducibility of results ia 
the laboratory is good, the limits 
of the average chart will be too 
narrow. If this reproducibility is 
poor, the limits will be too wide. 
In one case the limits may be cor- 
rect, 1. e., when the laboratory error 
is accidently equivalent to the var- 
lability of duplicate samples. 

Quality control is a service func 
tion. I once thought that its cost 
could be written into operating ex 
penses and could be removed from 
the category of overhead charges 
That idea is a long way from ful 
fillment, and in any case, I no 
longer believe that the idea is 
sound. If the production budget 
includes the cost of quality control, 
then production is entitled to man- 
age the quality control function. 
This would be disastrous in the 
sense that quality control would 
then be subject to the same routin- 
ization that is characteristic of the 
production function. This is not 
compatible with the concept of 
broad scope, independent thinking, 
and initiative. Therefore, my con 
clusions are that the cost of quality 
control should remain as an over 
head charge and that it should be 
a service function. The problem 
of 1949 is to be as certain as pos 
sible that full service is rendered 
in a buyer's market. 

WHAT IS THE QUALITY 

CONTROL JOB? 

No general definition can pos 
sibly fit all cases. The organization 
and operation of a particular com 
pany will govern the extent to 
which my definition can be ap- 
plied. Fven so, I would not want 
this covering statement to cause 
what follows to lose its applicabil 
ity to most plant situations 

The carry over from previous 
types of operation is product con 
trol. Whether or not the quality 
control department is directly re 
sponsible for the inspection func 
tion, it must accept responsibility 
for the establishment of procedures 
which will insure quality results at 
minimum cost. This means good 
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sampling plans in receiving inspec- 
tion, proper inspection of sub-as- 
semblies and finished products. 
From this stems the question of 
process control. This is the domain 
of the control chart where needed, 
but process control may equally 
well call for sampling plans. The 
choice rests upon product and con- 
ditions. If an operation is running 
well either after a control chart 
phase or without previous use of 
control charts, then check sampling 
in the production area may provide 
adequate quality protection. Even 
under these conditions, I do not 
believe that bench inspection of 
completed batches is acceptable. 
Usually process control means 
finding causes for out-ol-dimension 
production. At the first level the 
primary tool is the measurement 
control chart. This should be sup 
plemented by the use of other sta 
tistical tools when the problem 
warrants. Some of these tools are: 
normal curve analysis, significance 
tests, variance analysis, and correla 
tion. I am particularly anxious not 
to give the impression that use of 
these devices will automatically 
cure production ills, neither would 
| advocate their indiscriminate use 
What I am suggesting is that qual- 
ity control men have these tools 
available for use when the occasion 
arises and that they understand 
enough of the properties of the 
tools to use them correctly. 
Another segment of the quality 
control job which has been largely 
neglected is the area of consumer 
acceptance. Actually the quality 
control man is best qualified to 
guard the consumer's interest. Let 
me hasten to add that this trustee- 
ship has no altruistic motive. It is 
just good business sense to reduce 
consumer complaints and promote 
consumer laudation. The quality 
control man can promote both of 
these objectives by ferreting out the 
causes of the shipping of sub-stand 
ard merchandise. It may be pack 
aging, shipping containers, trans 
portation media, or poor final in 
spection. On the other hand, cus 
tomer complaint may be. based on 
faulty design or even an improper 
quality of management 
Wherever the fault, the quality con 
trol man is usually best qualified by 


conc pt 


training and temperament to an 
alyze complaint records and get cor 


rective action 


Likewise the methods of quality 
control should be introduced in the 
personnel office and in safety and 
health programs. This idea is so 
new to me that I am not able to 
offer much on how the job is to be 
accomplished, but I am thoroughly 
convinced that the men who are 
doing this sort of work for their 
companies are serving well. 

In the chemical industry, and to 
some degree in all branches of in- 
dustry, laboratory work is carried 
on. The quality control man can 
make a major contribution here. 
At the research level, the greatest 
assistance is in the form of design 
of experiments and analysis of re- 
sults. Research workers in some 
plants are so well aware of the 
value of design that they call in the 
statistician before any experimental 
work is undertaken. I would like to 
state exactly what the advantage is. 
Ihe statistician is not a chemist, 
metallurgist, or technician, "yut his 
first question is the important one. 
It is: What is your objective and 
in what form will your results ap- 
pear? That is, he insists upon start- 
ing at the end of the experiment 
and working toward the beginning. 
Usually this procedure will turn 
up flaws in the plan if any are pres- 
ent. At the same time, each step 
must fit into the overall plan or 
must be altered. 

In the production laboratory, the 
work may be largely testing, but 
the planning of tests so that causes 
of variability can be segregated is 
a job for the quality control man. 
I think we are all familiar with re- 
ports from the testing laboratory 
which leave shop men as much in 
the dark as before the test was 
made. Money spent for this type 
of work is wasted, because tests can 
be designed in such a way that sta- 
tistical analysis will yield usable re- 
sults. 

One of the ever present problems 
of all laboratory work is the preci- 
sion of analysts, equipment and 
samples. Every laboratory should 
know the pattern of its internal 
variability The quality control 
man can design experiments, which 
when analyzed, will provide this 
information. 

As a postscript to the laboratory 
control question, I would like to 
say that the men in charge are 
scientists who have not been 
trained in the statistical approach 
to problems. They are usually hard 


nuts to crack, but by persistence it 
can be done. 

Let us turn to engineering, an- 
other place where statistical ideas 
are often not welcomed with open 
arms. In the design department, 
quality control can provide two 
basic types of information. The 
first one relates to a job which 
every quality control man should 
do at an early stage of his plant 
career. He should catalog the nat- 
ural variability pattern of each 
piece of operating equipment in 
the plant. This information in the 
hands of design engineers is ex- 
tremely valuable to them in trans- 
lating concepts of new products 
into blue prints carrying tolerances 
that are consistent with the capa- 
bilities of production equipment. 
The same, of course, applies to the 
review of prints for an established 
product. The second point is an 
adjunct of the first; by informing 
design of troubles which produc- 
tion has encountered in translating 
the design into a physical product, 
the design department has a firm 
basis for judging the validity of 
complaints and request for devia- 
tions. 

Quality control also has much to 
offer in enhancing the value of that 
group of plant activities that come 
under the head of industrial engi- 
neering. I would mention one 
point to illustrate many things. 
There are very few industrial en- 
gineers who understand that a 
standard time should not be set 
on an out-of-control operation. To 
do so is to assume that the unpre- 
dictable can be predicted. This 
point is particularly important 
where a labor contract contains an 
incentive clause. 

Finally we come to two general 
points in this recital of the func- 
tions of a quality control man. He 
is the man entrusted with the job 
of acquiring and retaining an over- 
all view of operations. At the same 
time he does not carry a burden of 
overall responsibility but rather 
deals with detailed operation. In 
this position he is peculiarly well 
situated to provide new ideas for 
management at higher levels and at 
the operating level. This is auxil- 
iary to the quality control man’s 
main job, but it is certainly not a 
negligible part of his value to his 
company. The second point is 
based solely on five years of per- 
sonal experience. In the long run 
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it may be wrong and it may easily 
be that you will disagree. I have 
seen quite a few good quality con- 
trol men advance to higher ranking 
jobs in their companies. I have to 


wonder whether operation of a 
broadly conceived quality control 
system such as I have outlined may 
not be a superlatively good train- 
ing for executive responsibility. If 


so, then the future of quality con- 
trol men may be somewhat more 
secure than I have indicated ear 
lier, even in a transition year such 
as 1949. 


Diagnosis With Diagrams—Part I 


LEONARD A. SEDER 


Quality Control Engineer, Gillette Safety Razor Company 


INTRODUCTION 

Modern quality control tech- 
niques have demonstrated conclu- 
sively that industrial processes, like 
human beings, suffer from a variety 
of diseases. Until the introduc- 
tion of these techniques, there was 
widespread belief that such symp- 
toms as spoilage, rework, customer 
rejections and 100% inspection 
were normal appurtenances of an 
industrial process. We had ac- 
cepted the patient’s tawny com- 
plexion as natural without ever 
conceiving that it stemmed from 
a jaundiced liver. Today our 
powers of conception are broader 
and we are able to recognize the 
sources of these symptoms. 

It is not enough, however, to 
give official recognition to the exist- 
ence of diseases; their eradication 
requires the continual development 
of more efficient methods of diag- 
nosis and therapy. In this respect, 
the medical profession has an en- 
viable record and the industrial 
diagnostician could well emulate 
the methods of his medical coun- 
terpart. Let us compare the pro- 
cedures employed by the two of 
them. 

As the quality control practi- 
tioner faces each new process, he 
is in much the same position as the 
medical practitioner facing a new 
patient. The latter's first task is 
the collection of the symptoms, 
starting with the patient's own his- 
tory and ending with the recording 
of the simple but essential data af 
forded by the thermometer, stetho- 
scope and blood pressure manome 
ter. Similarly, the process engineer 
tries first to assimilate the general 
information offered by those who 
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“live with” the process and then 
makes his routine with the 
frequency distribution and control 
chart. Then, for both “physicians” 
comes the diagnosis stage. And, for 
both, come frequent disappoint 
ments. The symptoms simply do 
not add up clearly enough to make 
a straight-forward diagno- 
consequently, a successful 


tests 


possible 
sis and, 
therapy. 

Both must then resort to the col 
lection of more complete and de 
tailed data. The medical man has 
a-vast array of mechanical, chemi 
cal, electrical and radiographic 
equipment that can be brought 
into play to help resolve the prob 
lem, while the engineer can cm 
ploy the more penetrating statisti- 
cal technique known as “analysis 
of variance.” Neither of our diag 
nosticians is likely to have these 
specialized tools on hand for gen- 
eral use. For the physician, this 
is no deterrent. By merely dialing 
the telephone he can secure not 
only the use of the tools but the 
services of experienced specialists 
to operate them and interpret the 


results. The quality control man, 
however, has not been so fortunate 
and hence general practice of the 
more powerful diagnostic tech 
niques has been slow in develop- 
ing. 

Yet the fundamentals of analysis 
of variance are relatively simple 
The objective of such an analysis is 
to break down and evaluate the 
sources of variation affecting the 
overall variability of the process, 
just as the X-Ray or electrocardio- 
graph can measure the extent to 
which various possible maladies 
are affecting the patient's health. 
Once these sources have been iso- 
lated and measured, diagnosis is 
more readily accomplished and 
proper therapy is usually indicated. 

The question is, then, how can 
these powerful techniques be made 
more available? One answer is to 
be found, in the author's opinion, 
in the use of graphics in place of 
statistics. Much of the success of 
the simpler statistical quality con- 
trol techniques is undeniably at 
tributable to the forcefulness and 
conciseness of graphic presentation. 
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tial chagrin of the confusing array 
of original data? Or at the spark- 
ling illumination which’ glows UPPER TOLERAIKE 





when control limits are laid down - 
on what appeared to be patternless 
henscratches? The lasting appeal 
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of these methods, once clearly un- 
derstood, to the practical man—all 
the way from the two-fisted, to- 
bacco-chewing die-maker, to the 
hard-boiled, dollar-minded execu- 
tive—is ample evidence of the mi- 
raculous potentialities of graphic 
conversion of cold, abstruse statis- 
tics into concrete, action-compelling 
messages 21 

It is the object of this paper, 
therefore, to show how graphic aids 
may be utilized to help analyze 
process variability and, in fact, to 
help make analysis of variance as 
much a part of the factory's daily 
thinking routine as control charts 


and frequency distributions have FIGURE 3— MULTI-VARI CHARTS OF FORMING OPERATION 
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come to be. These graphic aids will 
be of three types: (1) To aid proc- 
ess diagnosis, (2) To summarize 
variability, and (3) To aid opera- 
tor adjustment. 

SHEWHART CHART AS A 

DIAGNOSTIC TOOL 

Let us first consider the modus 
operandi of the most fundamental 
graphic analytical tool—the Shew- 
hart Control Chart. 

In its most popular use, the 
Shewhart chart evaluates one source 
of variability—the so-called “proc- 
ess capability”—and tests any other 
suspected sources against it. A 
great many Of these suspects will 
come and go with time, and hence 
time is most often the abscissa. 
Samplings of the process are made 
from time to time; points beyond 
control limits are taken as evidence 
that, at the time of these particular 





samplings, the process has shifted 
in level or its variability has either 
widened or narrowed. This is 
highly convenient, since the needed 
corrective action may usually be 
discovered by searching out only 
those factors which conceivably 
could act in the observed time pat- 
tern. 
its use in such a case is that the 
chart tells that the variations “from 
time to time” are large compared 
with the variations “at a given 
time.” If five successive pieces from 
a punch press, for example, all 
measure within a thousandth of an 
inch of each other at 9:30 and 15 
minutes later five new pieces still 
check within a thousandth, but all 
are five thousandths larger, it is 
clear that something happened to 
the press ram, or to the raw mater- 
ial between those two times. 
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FIGURE 5 — MULTI-VARI CHART OF MOLDED PLASTICS PIECE 


JANUARY, 1950 


The underlying principle of, 


However, time need not be the 
abscissa. An inspector desiring to 
determine the acceptability of a 
shipment of 15 barrels of bolts 
might measure a random sample of 
10 bolts from each of the barrels 
and plot the average of each 
sample. If a point falls outside con- 
trol limits, it is evidence that the 
bolts in the barrel which yielded 
that sample are different from the 
bolts in the other barrels. In this 
case, the chart demonstrates that 
variation “from barrel to barrel” is 
greater than variation “within a 
barrel.” 

In the same way, a test to deter- 
mine whether six similarly-marked 
gage blocks are actually all alike 
might proceed by performing the 
measurement five tmes on each 
block and plotting the six aver- 
ages on a control chart. Failure of 
one or more points to fall within 
control limits demonstrates an ac- 
tual difference in the dimension of 
the blocks represented by the errant 
points. Here the magnitude of 
variability “from piece to piece” is 
compared with that of “readings 
on the same piece” (more simply 
with “error of measurement’). 
“MULTI-VARI CHART” AIDS 

PROCESS DIAGNOSIS 

The Shewhart chart, then, is 
seen to be an excellent graphical 
device for comparing the magni- 
tudes of two sources of variation. 
In many processes, however, it is 
possible to visualize at least three 
sources of variation and the diag- 
nosis may be made much more ef- 
fective by planning in advance to 
measure and evaluate all three 
sources with respect to one another. 

For example, in most mechani- 
cal processes, it is possible to list 
the following three sources ci var- 
iation: 

(1) Variability on a single piece 
This may be called “intra- 
piece variability.” 

(2) Variability from piece to 
piece. This may be called 
“inter-piece variability. a 

(3) Variability from time to 
time. This may be called 
simply “time variability.” 

Strictly speaking, none of these 
sources can ever be reduced to zero, 
and hence the real task is to learn 
how to confine each of them to a 
sufficiently small value such that 
the resulting overall variability is 
acceptable. The relative magnitude 
of each of these three sources may 


13 




















pen Venoor 7 
BARREL A BAzRkeL Bo 
ee Ye al 
ai Nn ie LAN BD ahi WW AA? | 
ih Ae) Wee tit a \\ 
“Mh aA AN eH WY 
oom lt fant - H g _— 
Ven00R O- 
~ BARREL ~~ BARREL Z 
«WOE afl | rtygyebrocrpronpiledr , 
no aA srl 
ae EF | 
4400 
FIGURE 6 —MULTILVARI CHART OF DRAWN TUBES 


be conveniently shown graphically 
on a “Multi-Vari Chart” like that 
of Figure 1. Here we borrow a 
leaf from the book of the stock 
market analyst who commonly rep- 
resents “high” and “low” daily 
values by such a device. “Intra- 
piece variability” is represented by 
the lengths of the straight lines, 
each of which is drawn so as to 
connect the maximum and mini 
mum measurements of an individ 
ual piece of product. The longer 
the line, the larger the variability 
* So far as the author is aware, Dr. Joseph M 
Jjuran was the first to apply this particular 


graph technique to the representation § of 
process variability 








FIGURE 7 





on a single piece. “Inter-piece vari- 
ability is represented by differ- 
ences in position of this line for 
five individual pieces sampled at 
one time. The greater the scatter 
of five successive lines, the greater 
the piece-to-piece variability. Fi- 
nally, a comparison of groups of 
samples spaced over several time 
periods affords a visual measure of 
the extent of “time variability.” 
Ihree general types of situations 
occur as represented in Figure 1. 


Type I—Excessive intra-piece var- 
iability. 

[ype II—Excessive inter-piece 
variability. 
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PICTOGRAM OF FORMING OPERATION 





Type III—Excessive time varia- 
bility. 

Experience has shown that, once 
the decision as to which of these 
types of situations exists has been 
made, the type of corrective effort 
required will be fairly clear. 

For example: 

Type I is most often associated 
with tool dimensions or a fault in 
work-tool alignment, commonly 
known to the shopman as “set-up.” 
Out-of-roundness on a turned piece 
may be caused by too great a dis- 
tance from the collet to the tool; 
out-of-parallelness on a_ pressed 
piece is caused by failure of punch 
and die to be properly aligned; ec- 
centricity and off-centrality arise 
from similar misalignments. Inac- 
curate tool dimensions or imperfect 
tools cause out-of-roundness on 
drawn pieces, excessive taper on 
molded pieces, etc. 

Type II, on the other hand, arises 
from peculiarities of the machine 
and is often directly related to the 
extent of machine maintenance. It 
is the factor commonly known as 
“machine capability” and includes 
within its many random variables 
such items as clearances between 
bearings and spindles, between gibs 
and ways or other mating parts, 
looseness in threads, variations in 
cooling-oil flow or temperature, 
sloppiness in indexing fixtures, etc. 

Type III arises from many fac- 
tors, some of which are foreseeable. 
There are those in which the effect 
is truly a function of time, such as: 
tool wear, chemical bath depletion 
or accretion, etc. There are also 
those in which time is merely a con- 
venient measure of “order of pro- 
duction,” such as temperature 
change, raw material variation 
from one batch to another, opera- 
tor adjustment, introduction of 
contamination, etc. 

Breakdown of a process into one 
of these three types is thus seen to 
be a basic starting point in any 
quality control investigation. The 
virtue of putting the information 
into pictorial form is that it be- 
comes possible to focus the atten- 
tion of everyone concerned on the 
true nature of the problem. Some- 
times a process will not fall clearly 
into one of these three types but 
appears to be a combination of two 
of them. In such a case, it is espe- 
cially important that the initial 
study include a symptomatic pic- 
ture like this in order that the 
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FIGURE 8 


METHOD OF PRODUCING 


program for correction may be in- 


telligently planned to encompass 
simultaneous attack on more that 
‘tront.”’ 

Let us examine the 
ords” of some actual application 
of the ““Multi-Vari Chart.” 

Case of O. D. 


one 
“clinical rec 


l 


s 


“Patient” was a simple diameter 


turning performed ot 


brass with 


operation 


a circular form tool o1 


a Brown & Sharpe automatic screw 


machine. At the outset, 
had a high fever (10°, defective 
and a few minor complaints, sucl 
adjustment of tool 
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Figure 2 


as frequent 
short tool life, etc. 
the symptom chart. 
each vertical line, representing in 
tra-piece variability, is the out-of 




















patient 
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shows 
The length of 
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COPPER PIECE 


are 
cx 


time variabilities 
the manner already 
Study of the chart showed 


piece and 
shown in 


hibited 


a simple “Type LIT” situation un 
til 1:55 P. M, Effects of tool wear 
and operator adjustment were 


clearly seen and appeared to be the 
only “time” variations. At 1:55 
P. M., however, symptoms of “Type 
ly broke for 15 
pieces occupied almost the entire 
tolerance range. Some “Type !” 
symptoms were also present at this 


out, successive 


time, a fact which helped point to 
a tool surface condition as the 
cause. Resharpening of the tool 


corrected both of the conditions 
and the patient was again normal 
at 2:25 P. M 

Viewed broadly, the analysis in 
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FIGURE 9— METHOD O 
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DRAWING “P-D DIAGRAM” 


a problem here, that adequate ma- 
chine capability exists and that 
control of the operation should be 
readily established by providing a 
simple control chart to warn of 
1) impending oversize pieces as 
the average approaches the toler- 
ance due to tool wear, and (2) ex 
cessively variable pieces as tool sur- 
face roughens and tool loses “pres 
The patient was put on such 
a regime and = its 
dropped rapidly from 10% to 1% 


sure.” 
defectiveness 


within two weeks, where it has 
stayed for over two years. Reset 
ting dropped from once every 10 
minutes to once every four hours 
and tool life increased 8-fold 

Case of C. F. 

This case concerns the cold- 
pressing of a copper piece, crush 
formed trom a copper slug. Exces 
sive thickness variability led to 
high losses, several 100° INSpPEec 


tions at later stages, and a generally 
unhappy mental condition among 
its associates. Its symptom chart be 
fore and after therapy, is shown in 
Figure 3. The vertical lines here 
represent the range of six readings 
taken at specific locations on each 
piece Three 
made up a sample. Clearly, its orig 


consecutive preces 


cast of 


inal state was a_ severe 

“Type I,” combined with strong 
manifestations of “Type IIL.” The 
intra-piece variability was defin 


itely traced to punch and die orien 
tation, and large concen 
trated effort aided by special graph 
administered 


dose ‘ of 
ical technique wer 
(See example of “P-Diagram” later 
in paper.) Marked reduction of this 
source of variation occurred within 
a few weeks. The time variability 
was caused mainly by temperature 
changes and by metallurgical dif.- 
ferences among lots of copper from 
different suppliers This, too, 
yielded to gentle pressure on the 
The patient's vastly im 
proved shown in the 
right-hand side of Figure 3 o 
curred three months after the orig 
inal diagnosis and has continued 
for more than 18 months since the 
treatment. 


vendors 
condition 


Case of B. S. 

Difficulties in punch press opera 
tions because of stock thickness var 
iation led to the investigation of 
the brass raw material, as received, 
from two different vendors. Figure 
} shows each vendor's material, pi 
Multi-Vari Chart 


tured on da 
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Length of vertical line represents 
the range of twenty readings taken 
at random within a coil; successive 
lines represent different coils. The 
three top lines are from a shipment 
of Mill | while the bottom line 
shows one shipment from Mill 2. 
Diagnosis: both vendors have little 
difheulty with variability within 
coils; Mill 2 has the coil-to-coil 
problem nearly under control; Mill 
1, on the other hand, is suffering 
from inflated coil-to-coil variabil- 
ity which should respond to a sys- 
tematic study of conditions of man- 
ufacture. This case is not yet com- 
pleted as “patient” is still under 
observation. Meanwhile, user of 
material has eased his situation by 
sorting Mill 1's coils into three sizes 
in order to present less variability 
to the punch press operation. 


ADDING VARIABLES ON THE 
MULTI-VARI CHART 

One of the chief virtues of the 
Multi-Vari Chart is that it lends 
itself admirably to the inclusion of 
additional specific sources of vari- 
ation over and above the three 
sources thus far discussed. The 
“multi-station” variability is typi- 
cal. For example, when a 6-spindle 
screw machine or a 24-cavity plas- 
tics molding die is under investiga 
tion, the extent of variability from 
spindle to spindle or cavity to cav- 
ity is of decided interest. This may 
be done by preparing a time-series 
chart for each station or by group- 
ing the samples by stations, allow- 
ing “time” to become part of “in- 
ter-piece” variability. Significant 
differences in average, intra-piece 
variability or inter-piece variability 
associated with particular stations 
will then be apparent. 


Case of P. P. 

Thickness variation in an injec- 
tion-molded plastics piece has been 
effectively studied by this tech 
nique. The chart is shown in Fig- 
ure 5, in which four sources of var 
iation are pictured: 

(1) Inera-piece. The length of 
each line is the range of two 
readings, one at each end, of 
a single piece from a parti 
cular cavity. (The line be 
comes a point where identi 
cal readings are obtained.) 

(2) Inter-piece or “Within Cav- 
ity.” The five lines grouped 
together are 5 single pieces 
from the same cavity—each 
from a separate shipment of 
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FIGURE 10—P-D DIAGRAMS FROM SEVERAL PRESSES 


parts. (Thus “time” is here (3) Cavity-to-cavity. The cavity 
included in the “within cav- number from which the 
ity” variability.) samples were selected is 
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FIGURE 11 — INTERPRETATION OF P-D DIAGRAMS ON 
FORMING OPERATION 
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FIGURE 12 — PICTOGRAMS BEFORE AND AFTER 
FORMING STUDY 


shown at the top of the 
column. These are molded 
into the pieces so as to be a 
permanent identification. 

(4) Mold-to- mold. Samplings 

from Mold B are shown 
above and those from Mold 
C below. 

The diagnosis is readily made. 
Firstly, cavity differences in both 
molds are excessive and require sur- 
gery. This fact is especially strik- 
ing because of the known time 
lapse (one day or more) between 
sample pieces from each cavity. 
Secondly, much surgery on Mold B 
may possibly be saved by increas- 
ing molding pressure so as to in- 
crease the thickness of all cavities. 
This case is still under observation. 
Prognosis: Good. 

Case of K. T. 

In the automatic screw-machine 
knurling of a fluted tube, intoler- 
able rejections were suddenly en- 
countered for poor knurling, coin- 
cident with the receipt of tubes 
from a new vendor. Since knurling 
is performed directly on the flute 
diameters without intermediate ma- 
chining, a study of each vendor's 
diameter variability ensued. Figure 
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6 resulted. Here the intra-piece 
variability is separated into two 
parts: out-of-roundness and taper. 
Each piece sampled is represented 
by a trapezoid in which the left 
side represents out-of-roundness at 
the closed end of the tube (tubes 
are individually drawn like car- 
tridge shells), the right side repre- 
sents out-of-roundness at the open 
end, and the connecting lines rep- 
resent taper along the length of 
the piece. Size of the trapezoid is 
thus directly indicative of the 
amount of intra-piece variability. 
Piéce-to-piece variability is shown 
by the scatter of successive trape- 
zoids, which are random samples 
from each of two barrels from each 
vendor. Thus barrel-to-barrel and 
vendor-to-vendor variabilities are 
also shown. 

Diagnosis of the case yielded im- 
portant conclusions. Vendor T, 
the new one, shows high intra-piece 
and inter-piece variability, the for- 
mer suggesting an unsatisfactory 
tool condition in the fluting opera- 
tion and the latter suggesting ex- 
cessive variable metallurgical prop- 
erties in the tubes before fluting. 
Re-tooling and general overhaul of 





processing subsequently enabled 
this vendor to equal the perform- 
ance of Vendor O. In the case of 
Vendor O, the general process cap- 
ability, including both intra-piece 
and inter-piece variability, is emi- 
nently satisfactory. However, the 
occasional occurrence of pieces dif- 
fering markedly in average from 
the general level suggests that al- 
ternate use is being made of two 
sets of toolings and the two outputs 
are sometimes mixed. Conference 
with the vendor confirmed this di- 
agnosis and he was able easily to 
eliminate this source of variation 
by segregating the output of the 
two drawing dies. The customer's 
knurling fixture could be readily 
adjusted to compensate for this dif- 
ference in average diameter be- 
tween barrels, but could not cope 
with the variability of the mixed 
barrels. 

The improvement in variability 
by both suppliers has resulted in 
significant reduction of knurling 
rejections well below the level ex- 
perienced even before the advent 
of the new supplier. 


THE “PICTOGRAM” FOR 
SUMMARIZING VARIABILITY 

In all of the examples cited, the 
evidence of the chart itself served 
to diagnose the corrective action re- 
quired. Progress in attaining the 
correction was always evident from 
changes in the chart’s appearance 
as the proposed remedies were tried 
out. However, it is sometimes de- 
sirable to be able to summarize a 
large amount of data into a single 
picture comparable to a frequency 
histogram, yet showing the magni- 
tudes of the contributing sources 
of variation. Such a picture is use- 
ful for convincing the operator, 
machinist, mechanic or vendor's 
salesman of the extent to which var- 
iables lying within his province 
affect the overall variability of the 
product It is also useful in follow- 
ing the progress of a quality control 
investigation. (It is used in this con- 
nection in the broaching example 
later in this paper.) 

For example, in the cold-forming 
problem (Case of C. F.) already re- 
ferred to, it will be recalled that 
there were three sources of thick- 
ness variation: (1) Intra-piece, (2) 
Inter-piece, and (3) Time. It was 
desired to make independent esti- 
mates of the variability of each of 
these three sources and to show how 
they added together to produce the 
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TAKE-OFF DIAGRAMS 


observed total variability. The re- 
sult was the “Pictogram” of Figure 
7. The method of estimating and 
drawing this “pictorial histogram” 
was as follows: 


FAULT 























(1) Intra-piece. This is chiefly 
due to set-up of punch and 
die. The name “Spread” was 
given to it and a statistical 
estimate was obtained by 
taking the range of the 6 
readings on one piece. Pieces 
sampled over about a week's +4——-— -—-} 
time were used to estimate — 
the “Average Spread.” This ~~ - 
was then divided by d, for 
samples of six® to obtain a 
standard deviation represent- 
ing the magnitude of varia- 
bility on a single piece. 
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(2) Inter-piece. This is due to 
the basic accuracy of the 
press. It was called “Press 
Operation Accuracy.” The 
familiar “chance” variation 
of the Shewhart chart was 
reduced to a standard devia- 
tion by computing the Aver- 
age Range of readings at the 
same position (i. e. same 
corner) for groups of 5 con- 
secutive pieces taken at var- 
ious times. 








OFF CENTER- HIGH CENTER 


HIGH CENTER 

These two sources of variation 
are independent—each depends on > 
a separate system of causes—and a 
hence their variances are additive. 
In other words, the standard devi- —, 
ation of the resulting total varia- 
bility will be the square root of the Twist Twist 
sum of the sguares of the standard 
deviations of each. This is shown 
very conveniently by the right tri- 
angle relationship in Figure 7 in 
which the legs of the triangle are 
three standard deviations of 
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FIGURE 13 INTERPRETATION OF P-D DIAGRAMS ON 
POLISHING OPERATION 


time. Hence a rough estimate Figure 7, yielding a spider- 


“Spread” and “Press Operation Ac 
curacy” respectively. 

(3) Time. This was due to shifts 
of temperature of the copper 
slugs, to changes in the phys- 
ical characteristics from one 
coil of copper to another and 
to operator adjustments. It 
was obviously impossible to 
obtain any completely valid 
prediction for such an essen- 
tially unpredictable factor 
and yet, from the long range 
viewpoint, these variables 
could be depended upon to 
go through a fairly well-de 
fined cycle over a period of 


was made as follows: Samples 
of 5 pieces were taken period- 
ically during the life of each 
of several punch and die set- 
ups. From these data, by the 
method discussed above, the 
overall variability that could 
be expected with no time 
variations was computed. 
Then a frequency distribu- 
tion was made of the entire 
set of data. This would ob 
viously include the time var 
iations The measure of 
time variability was taken as: 
“Actual total variability” mi 
nus “expected total variabil 


like portrayal of the total 
variability. 

The diagnosis from the Picto- 
gram is the same as that obtained 
from the Multi-Vari Chart of the 
same operation (Figure 3), viz: 
Spread and Time are the two ma- 
jor sources of variation requiring 
study and correction. However, the 
Pictogram has the advantage of be- 
ing comprehensive; it represents an 
entire week's data from several ma- 
chines while the Multi-Vari Chart 
was limited to one particular ma- 
chine and set-up for a short time. 
THE “P-D” DIAGRAM TO AID 

OPERATOR ADJUSTMENT 


ity This made possible the In the sphere of operator ad just- 
* Symbols are from Z!.1 and Z1.2, “Guide for addition of the two “Time” ment of machines and _ processes, 
Liictn moaktke" 6 § legs to the right triangle in charts and diagrams can do much 
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to clear away the cloud of mysti- 
cism and superstition with which 
the control is frequently shrouded. 
Surprisingly enough, this move will 
generally be met with enthusiasm 
by the operators themselves, once 


they have proven to themselves 
that the thing really works. 

In the case just discussed, for ex- 
ample, it was pointed out that 
Spread—caused by punch and die 
alignment—had to be reduced. Fig- 
ure 8 illustrates the problem. The 
points marked A, B, C, D, E, F are 
the locations corresponding to the 
points on the piecepart which are 
checked for thickness. These meas- 
urements furnished a basis for the 
set-up diagram. The technique was 
very simple and yet extremely ef- 
fective. It consisted in drawing a 
“Position-Dimension Diagram” of 
the six readings for each piece. 
These were drawn as follows: (See 
Figure 9) 

(1) The six readings are re- 
corded trom each of the four 
corners and at the center of 
each side. 

2) The thinnest reading is 
taken as the reference point 
and is therefore subtracted 
from each of tne other five. 
(This removes other sources 
of variability.) 


t 


(3) The values thus obtained are 

plotted as shown. 

When these P-D diagrams were 
drawn for several pieces from dif- 
ferent presses, it was at once ob- 
vious that the diagrams of pieces 
from any one set-up were virtually 
identical. See Figure 10. In other 
words, if an inspector sampled each 
of the presses in operation and was 


then given an unidentified piece, 
it would be possible for him to 
identify almost infallibly which 
press had produced it. With the 
knowledge that the stratification 
was thus constant, it was possible 
to work out the cause and effect 
relationships shown in Figure 11 
The “pure” effects of “roll” (off- 
side alignment), “tilt” (endwise 
alignment) and “twist,” were easily 
identified and it was possible to 
interpret some of the more peculiar 
Shapes as combinations of these 
basic three. 

At first, the suggested production 
use of “P-D Diagrams” for improv 
ing Spread was viewed suspiciously. 
But once the full import was clear 
through several successful Ccemon- 
strations, the operators and set-up 
men began to gain confidence in 
their ability to correct the malad- 
justment diagnosed by the picture 
Finally, when they realized that it 
meant the end of tinkering to ob 
tain a product that would “pass in 
spection,” and that less Spread 
meant less press adjustment during 
operation, they became openly en- 
thusiastic and have continued so 
right up to the present time. By 
taking these pictures on each new 
set-up, they have successfully re 
duced intra-piece variability to less 
than half of its previous value. 
Time variability has also been re- 
duced by better temperature con- 
trol, improved raw material uni 
* Although picturing the same process, this Pic 
togram differs from Figure 7 in that “Time 
variability is here included in “piece-to-piece”’ 
variability The original diagnosis sought to 
distinguish between inherent press variability and 
casual time variability Once this breakdown 
has served its purpose, it was more convenient 
to lump these two for routine daily checks. In 


Figure 12, the values.are month's averages of 20 
daily random pieces 





formity and by much less press ad- 
justment. The Pictogram — six 
months after the start of this proj- 
ect is shown in Figure 12.* 

This same sort of diagram was 
successfully used in a polishing op- 
eration performed on the same 
piecepart. The polishing is per- 
formed by setting the piece in hold- 
ers which carry them under a series 
of contoured cutting wheels. The 
intra-piece variability was found to 
be greatly increased by this opera- 
tion because of differences in 
amount of metal removed at the 
different positions. Accordingly, a 
P-D diagram was developed—simi- 
lar to the previous one—in which 
the statistic used was “Take-Off” 
instead of thickness. This was 
merely the difference in thickness 
reading at a given position on a 
piece before and after polishing. 
Figure 13 shows the manner in 
which these patterns were used to 
diagnose the various conditions of 
wheel adjustment and carrier block 
wear which were found to occur. 


Ihe use of the P-D Diagram is 
by no means limited to this one 
product. It has been used on 
molded plastics to check cavity-die 
relations. It has also been used to 
check parallelism of flat dies in the 
pressing of rubber - compounded 
sheet material and to check line- 
up of steel rolls in a calendering 
operation. It should have further 
application in any punch-press or 
molding operation, particularly 
where changes of set-up are fairly 
frequent, or where the set-up itself 
is likely to change with time. 


Editor's Note: Part II, concluding this paper, 
will appear in the March issue of 1Q€ 


Preview of Convention Features 


f advance planning and hard 

work mean anything, the Fourth 
National Convention of the Amer- 
ican Society for Quality Control in 
Milwaukee next June 1-2 is going 
to be the biggest and best in the 
history of the society. In conjunc- 
tion with the convention, the 
eleven midwest sections of the so- 
ciety will hold their Fifth Midwest 
Quality Control Conference. 

The “biggest and best” is some- 
thing more than an empty phrase. 
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It is expected that 1,500 people will 
attend the meetings, which will be 
the largest attendance in the so- 
ciety'’s history. The facilities of the 
Milwaukee Auditorium, one of the 
best convention centers in the coun- 
try, are at the disposal of the so- 
ciety. A speaker of national repu- 
tation will address a luncheon 
meeting on the second day. It is 
expected that he will have an au- 
dience of well over 2,000. As one 
member of the planning committee 


put it, “We're all quality control 
people on this committee, so let's 
put a lot oi quality into the con 
vention.” 

In addition to the luncheon, and 
the annual ASOC dinner meeting 
on Thursday evening, there are two 
other features of particular interest 
One revolves around the exhibits 
Many companies already have 
taken space and a varied and inter 
esting exhibit is thus assured. In 
addition, however, it is expected 
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that an educational exhibit will be 
featured by the society for the pur- 
pose of demonstrating the practical, 
down-to-earth nature of quality 
control and its dependence on ade- 
quate inspection equipment. 

The other feature is the program 
itself. It has been divided into 
three parts each of which will run 
concurrently throughout the two 
days. One has been labeled Series 
A and will consist of two sessions 
on June | and three on the follow- 
ing day. These sessions are for 
people who are acquainted with 
quality control but are not primar- 
ily interested in the highly tech- 
nical aspects of the subject. Series 
B will consist of the same arrange- 
ment of sessions but will be aimed 
more at technical subjects. The 
third part is planned as a training 
session for those who want to learn 
about quality control. It will be 
offered as a single unit of progres- 
sive instruction based on the as- 
sumption of uninterrupted attend- 
ance by the trainees through June 
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1 and 2. The training session is of 
great importance because it is here 
that the basic concepts and pro- 
cedures of quality control can be 
acquired. 

The convention is going to be 
one of true national scope. The 
midwest sections are to be host and 
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therefore are the most active in the 
preparation work. But even at this 
early date active work is being done 
by such people as C. F. Bone and 
B. L. Cloud, both of Houston; 
Roger McElvain, Los Angeles; A. 
G. Klock, Thompsonville, Conn.; 
and the national officers of ASQC. 








Write for your “Quality Kit” to: 
ELLIOTT SERVICE COMPANY, Est.1911, 30 N. MACQUESTEN PARKWAY, MT. VERNON, N. Y. 
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Elliott “Quality Displays” help to reinforce your 
program of selling the need for quality workman- 
ship to each individual employee. 


Colorful, attractive, these 17” x 22” displays are 
created every week! Budget-priced so they may 





each week. 


color. 


aed 


2. Three “Quality 
mation (for supervisors and foremen). 


3. A copy of the new thirty-six page “Confer- 
ence Leader's Outline on Quality Control.” 


4. Complete descriptive folders and prices. 


be displayed in every department and changed 


Steel display frames are loaned on subscription. 
FREE “Quality Kit’’ to Society Members 


1. Six actual samples of full-size displays in 
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The Quality Control Department as a 


Training Ground for Future 


Supervisory Personnel ' 


E. H. ROBINSON 


Director of Quality Control — Johnson & Johnson — Chicago, Ill. 


INTRODUCTION 

Promotions from Quality Control 
into supervisory Management posi- 
tions are made only infrequently 
in industry not because capable 
quality control men are not avail- 
able, but because industrial man- 
agement in general does not yet 
appreciate the value of the Qual- 
ity Control Department as a source 
of such personnel. 

Industry has become used to 
drawing its men from a certain 
group of departments, particularly 
Manufacturing, Sales, Accounting, 
and Purchasing. Occasionally selec- 
tions are made from Personnel, Re- 
search, and Engineering, but rarely 
from the Quality Control Depart- 
ment. 

Actually, it can easily be argued 
that there is no department in an 
organization which gives a man as 
broad a perspective or as excellent 
an Opportunity to study the rela- 
tionships between organizational 
functions as does the Quality Con- 
trol Department.* Its work of ne- 
cessity requires constant considera- 
tion of all activities and gives its 
people a rounded training, the 
ability to analyze and to evaluate 
all factors, and a tolerance of the 
other man's viewpoint. 

Naturally, the promotions of 
which we speak temporarily 
weaken the Quality Control De- 
partment, since invariably a top 
ranking individual is the one se- 
lected. However, the incentive 
which it gives to other personnel 
in the Quality Control group and 
the seed which it plants in the 
manufacturing Operation well re 
pay the department for the “loss.” 
At the very least, Quality Control 
is gaining a friend and a champion 
in the manufacturing group be- 


An Appraisal of Quality Con 
5-14, especially p. 14 


* See Me Nairy 
trol 1Q¢ July, 1949, pp 
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cause, obviously, the promoted man 
has, during his period of training, 
become imbued with the quality 
perspective. 

SOME FACTORS THAT MAKE 
A QUALITY CONTROL 
DEPARTMENT AN EFFICIENT 
TRAINING GROUND 

It should be kept clearly in mind, 
however, that the Quality Control 
Department is not in a position to 
be an efhcient training ground un- 
less it is recognized as a vital part 
of the organization. If it is re- 
garded merely as overhead which 
must be tolerated for prestige or 
advertising purposes, it is doomed 
to failure. Even if the attitude of 
top management toward it is one 
of passive acceptance of its pres- 
ence, it is doomed to failure. 

The Quality Control organiza- 
tion, to achieve its full purpose, 
must have the active and militant 
support of the man to whom it is 
responsible. It should be so close to 
top management that no decision 
having a possible effect on product 
quality would be made without it 
Its opinion should be sought when 
the manufacture of a new item ts 
contemplated, and if some ingre 
dient or characteristic of the prod- 
uct is to be changed 

If the attitude at the top toward 
quality control reflects this conh 
dence, and if the opinions and deci 
sions of this group are firmly de 
fended or at least sought and 
weighed against other 
the quality control organization 
will make worthwhile contributions 
not only to the quality of products 
and to its cost reduction, but to 
the pool of trained, capable men 
available for supervisory positions 
in both production and general ad 
ministration. 

It is important to note that the 
number of supervisory levels con 
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tacted by the Quality Control man 
is more often greater than the 
number contacted by the manufac- 
turing man. This is inherently a 
distinction between a staff and a 
line function. In the latter, the 
supervisor is most frequently con 
cerned either with the men for 
whom he is responsible or with the 
man to whom he is responsible. In 
the case of the Quality Control 
man, however, he deals directly 
with all levels of manufacturing 
from the operator through all levels 
of supervision to the General Su- 
perintendent. 


Each individual contacted by tne 
Quality Control man requires a 
different approach, a different sales 
technique, a shifting of emphasis. 
A foreman who joined the com- 
pany right out of grammar school 
and who has risen through the 
ranks for forty years requires dif 
ferent handling than does the fore- 
man who recently stepped out of 
engineering school with an M. E. 
degree. The “old school” foreman 
who learned by the Edisonian 
method and who looks upon the 
Quality Control man as an imprac 
tical, long-haired theorist who 
merely adds to his burden, literally 
and figuratively, requires the most 
adept exercise of tact and diplo 
macy, even before he is willing to 
discuss the subject of quality con 
trol 


When we consider that all of 
these problems may arise in a 
single department or mill, making 
a specific product or group of prod 
ucts, it is readily apparent that the 
Quality Control man 
must be an extremely versatile 
character. Further, when we con 


successful 


t Presented as part of a Panel Discussion at the 
Third Annual Convention ASO n BKoston 
May 6. 1949. and at various Section meeting 
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sider that he nearly always deals 
with a number of departments or 
mills, each with its own problems, 
personalities, and quality attitudes, 
it is easy to see why the Quality 
Control man develops tact, diplo- 
macy, and finesse, as well as under- 
standing and tolerance. 


QUALITY CONTROL AND 
OTHER DEPARTMENTS 
Earlier, the statement was made 
that there is no department in an 
organization which gives a man as 
broad a perspective as the Quality 
Control Department. In fact, his 
work brings him in close and con- 
stant contact with the Purchasing, 
Cost, Production Planning, Devel- 
opment, Sales, and Shipping De- 
partments — as well as with the 
Manufacturing Department. Let 
us consider these individually. 
Quality Control and Purchasing 
The progressive Purchasing De- 
partment of today realizes that 
Quality Control can render an in- 
valuable service in improving the 
eficiency of its operation. In the 
first place Quality Control can 
help in the evaluation of alterna- 
tive sources of supply. In this proc 
ess, the Quality Control man learns 
the names, locations, | capacities, 
costs and quality levels of suppliers 
of raw and semi-processed mater- 
ials. He learns about delivery ex 
pectancies, shipping costs, carload 
vs. L.C.L., and quantity discounts. 
Faced with the selection of a source 
of supply from a group having 
slightly varying prices and slightly 
varying quality levels, he learns to 
weigh the two factors and arrive at 
the optimum combination 
Secondly, in the purchasing func- 
tion, the Quality Control man 1s 
in the best initiate 
changes in the purchasing specifi 
cation, depending upon changes in 
manufacturing procedure, product 
design, or quality level. He thus 
can have a direct effect on the pur 
chase price of a component, either 
relaxing toler 


position to 


by tightening or 
ances. 
Quality Control and the 
Cost Department 

In his relationship with the Cost 
Department the Quality Control 
man receives invaluable training 
His opinion, based on product ex- 
perience, is usually sought when a 
cost sheet is set up. The average 
value, allowable tolerances, stand 
ard loss factors, raw material 
grades, are all elements with which 





the Quality Control man is in con- 
stant contact and on which he can 
speak with authority. 

Once the cost sheet has been set 
up and an appreciable volume of 
product has been manufactured, 
variances in materia! and labor be- 
gin to appear. Here again, the 
Quality Control man is of assist- 
ance because, in his daily contacts 
with the operation, he has observed 
variations in material usage, waste, 
and labor and is in a position not 
only to explain these deviations 
from the standard previously set 
but often to suggest corrective ac- 
tion. 

Quality Control and Production 
Planning 

As for Production Planning, the 
Quality Control man must of neces- 
sity be familiar with this activity 
since, as a staff man, it is his job 
to be where he is most needed as 
quickly as possible. By working 
closely with Production Planning, 
he will be constantly informed of 
manufacturing schedules and will 
be best able to gauge his time and 
effort so that he can be of greatest 
service 

In addition, through his knowl- 
edge of whether satisfactory raw 
materials are available and whether 
the machine to be used is in suit- 
able condition to perform the re- 
quired job, as measured by his con 
trol charts, he can often divert 
Production Planning into those 
channels where a maximum of sat 
isfactory product can be produced 
with a minimum of waste. This di- 
version will give the Purchasing 
Department the much-needed time 
to bring in other raw materials and 
will give the Maintenance Depart- 
ment an opportunity to make 
necessary repairs to equipment. 


Quality Control and the 

Development Department 
The Development Department 
is the organizational blood brother 
of Quality Control, and in many 
companies they are under the same 
supervision. Both groups aim at 
improving operations, so as to ob- 
tain a better product at a lower 
cost. It is up to Quality Control, 
however, to let Development know 
where product improvement is 
needed, where waste is too great, 
and often where costs are too high. 
Where new operations are initi- 
ated by the Development Depart- 
ment, Quality Control must follow 
progress closely so as to. indicate 





when the operation is in control 
and can be turned over completely 
to the Manufacturing Department. 


Quality Control and Sales 

The relationship between Qual- 
ity Control and Sales is particu- 
larly close, because the quality of a 
product is a purely relative thing. 
The term “quality” is meaningless 
unless it is related directly to the 
utility of the product, to its degree 
of acceptance by the consumer. 

Before we talk too much about 
quality, however, we ought to de- 
fine the term “quality.” “Quality” 
is merely a characteristic or group 
of characteristics by which we 
judge a product. To the average 
person, it indicates the goodness of 
the product. 

These characteristics vary widely 
with different products. In a piano, 
it might be tone and finish; in a 
food product, purity, taste, odor, 
and color; in a roll of gauze, ap- 
pearance, ‘color, distortion, and ab- 
sorbency. 

It should be noted at this point 
that the lack of a quality character- 
istic may not in any way affect the 
utility of a product. A poor finish 
on the piano will not affect its tone; 
an off-color in a food product may 
not in any. way affect its palatabil- 
ity; distortion in a roll of gauze will 
not affect its absorbency. Yet, all 
of these characteristics are of vital 
importance in the maintenance of 
quality, because they create first 
impressions in the minds of con- 
sumers and influence. their reac- 
tions to the more important quality 
characteristics for which they pur- 
chased the products. 

Not only is it important that we 
watch all quality characteristics, 
but we must be sure that the qual- 
ity is uniform. To the consumer, 
uniformity of quality is important. 
When purchasing a product, he 
wishes to be assured that all units 
of a certain grade are essentially 
the same. In fact, many products 
are purchased on the basis of trade 
names, because of confidence in 
their uniformity 

In manufacturing, however, we 
know that quality is variable, be- 
cause absolute precision is unat- 
tainable in practice; yet, on the 
other hand, variation must not be 
too great if the consumer is to re- 
main satisfied. 

Since absolute uniformity is not 
attainable in practice, working 
standards must include tolerances, 
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or variations from the ideal. In de- 
ciding upon the liberality of these 
tolerances, we must balance their 
effect on the quality of the final 
product against their influence on 
production costs. In the carding of 
cotton, for example, an improve- 
ment in carding quality may re- 
quire increased production costs, 
and the question immediately arises 
as to how far management should 
go in the improvement of carding 
standards. The answer naturally 
depends upon— 

1) the minimum which the 
consumer is willing to ac- 
cept, 
the standard maintained by 
the best competition; 
(Competition is a powerful 
force in setting the quality 
level, since the stronger it 
is, the higher must outgo- 
ing quality be to keep or 
enhance market position) 


ho 


3) the policy of the company 
towards product improve- 
ment and leadership. 

Now, if essentially all units from 

a machine do the job for which 
they were designed in a manner 
generally satisfactory to the vast 
majority of consumers, that prod- 
uct can honestly be described as a 
“quality product.” This is true even 
if product variation can be appre- 
ciably narrowed by the selection of 
superior raw materials and by ma- 
chine refinements. 

However, what do we mean by 
the terms “essentially all,” “gener- 
ally satisfactory,” and “vast major- 
ity?” That is the $64 question, and 
its answer depends upon the com- 
plaint experience of the company, 
the measured judgment of the 
Quality Control] man based on this 
experience, and his ability to win 
the confidence of his Sales people 
in that judgment. 

At the Third Annual Convention 
of the American Society for Qual- 
ity Control held in Boston on May 
5 and 6, Mr. Ed Thompson, Works 
Manager of the Badger Meter Co., 
Milwaukee, Wis., and formerly 
Quality Control Manager of the 
Fansteel Metallurgical Corp. of 
North Chicago, Ill., was a fellow 
member of a four-man panel on 
this subject. 

During the course of the discus- 
sion, he made the following perti 
nent remark, simple in its truth but 
often lost sight of by the untrained, 
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immature, and overzealous quality 
control man— 

A major purpose of quality 
control is to establish a quality 
level that will be acceptable to 
the consumer, and yet permit 
an article to be manufactured 
and sold ata profit. It is easily 
understood that it is entirely 
possible to manufacture a 
product of such high quality 
that it is impossible to market 
it at a price that would yield 
a profit and, on the other 
hand, a product of such poor 
quality that it would not give 
the service expected, and would 
probably be impossible to mar- 
ket at any price.” 

It is these things that the Quality 
Control man learns in his contacts 
with the Sales Department. He 
learns the viewpoint of the sales- 
man and the customer; he learns 
what quality elements are impor- 
tant to them, and is thus able to 
place emphasis where it is needed. 
He learns the meaning of service, 
of prompt reply, of complete analy- 
sis of a problem, and above all, of 
tact and diplomacy. 

Quality Control and the 

Shipping Department 

Ihe relationship of the Quality 
Control man with the Shipping De- 
partment is not often appreciated. 
Quality Control can do much to 
produce a satisfactory product, and 
yet lose all it has gained by poor 
packaging, careless storage in the 
Shipping Department, and by 
rough handling in transit. A close 
liaison between Shipping and Qual. 
ity Control takes time and person- 
nel but pays big dividends in cus- 
tomer satisfaction. 

It should always be kept in mind 
that a properly trained and coop- 
erative Shipping Department can 
be your cheapest and most effec 
tye method of final package in- 
spection. They can give you a de- 
gree of quality assurance which it 
would be uneconomic to obtain in 
any other way, provided of course 
that Shipping is a staff function 
and not a line function responsible 
to Manufacturing. 

Quality Control and Manufacturing 

As far as the relationship of the 
Quality Control man to Manufac- 
turing is concerned, I can add little 
to what you already know about 
that. You are familiar with the 
machines, the materials, the men. 
You know the weak and the strong 


points of each, and you learn how 
to best bring out these strong 
points so as to obtain optimum re 
sults. By working with these op- 
erating variables in a number of 
departments and mills, the Quality 
Control man develop a 
rounded perspective which is the 
hallmark of the true executive. 
REQUIREMENTS FOR 
ADEQUATE QUALITY 
CONTROL PERSONNEL 

I have attempted to show here 
that the Quality Control Depart- 
ment offers a great opportunity for 
developing future supervisory per 
sonnel. This can not be done, how 
ever, with people who do not have 
adequate potentialities. No train 
ing program is effective if the man 
doesn't have the physical and men 
tal equipment. You can’t train an 
earthworm to drive an automobile. 

Io insure that men with ade 
quate potentialities are brought 
into our Quality Control group at 
Johnson & Johnson, we arrange to 
give applicants a series of tests in 
our Personnel Department. 

The Humm-Wadsworth Temper 
ament Test will indicate to us 
whether an applicant has an inte 
grated personality and can readily 
adapt himself to people and vary 
ing conditions. 

Ihe Wonderlic and Otis Tests 
will tell us his intelligence level. 

It is amazing how many edu 
cated people are poor in arithme 
tic; we eliminate these people by 
giving applicants the Schorling- 
Clark-Potter arithmetic test. 

Eyes are checked for visual acu- 
ity, astigmatism, and color blind 
ness by the Keystone Telebinocular 
Test. 

Sharpness in picking up visual 
defects is shown by the results of 
the Minnesota Clerical Test 

If the applicant satishes all these, 
in addition to the interview and 
physical examination, we feel that 
he has the potential at least to de- 
velop into a good supervisor. 

Apparently our management 
feels the same way, for this pro 
gram has, over a period of sixteen 
years, developed three superinten- 
dents, two assistant superinten- 
dents, two foremen, and a number 
of other important production 
men. 

In fact, our Quality Control De- 
partment has become so indepen- 
dent about its role as a training 
today we refuse to 
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transfer our top men to a job less 
than an assistant superintendency, 
unless the man himself is willing 
to make the change. 





SOME CASE HISTORIES 


The experience of Johnson & 
Johnson is not unique. The same 
thing has happened at Sylvania 


Electric Products of New York City 
and at Thompson Products, Cleve 
land, Ohio. 

(Concluded on pages 26-27) 


Statistical Methods and Proper Equipment 


Pay Off 


EDWARD B. HADEN 


Chief Inspector — The Esterbrook Pen Company — Camden, N. J. 


ince Esterbrook’s beginning 91 
S years ago as America’s first pen 
maker, the final inspection of all 
its products has always been a 
100%, function. Through the past 
decade, with the establishment of 
a graded point system for fountain 
pens to cover the widest practi- 
cable range of writing needs, many 
problems have arisen. Smoothness 
alone was no longer sufficient as the 
final judgment in the acceptability 
of pen points. Having a graded 
point system as we do, it became 
necessary to establish close stand- 
ards for the control of width of 
line, flexibility, rigidity, etc., as 
well as smoothness. 

Our policy of “Never Being Sat- 
isfied” with our pens as they are 
makes us constantly strive to im- 
prove our products. The “Renew 
Point” in our fountain pen receives 
our greatest and most detailed at- 
tention. No fountain pen is any 
better than its point, as any writer 
will testify. A pen may be very 
handsome in appearance but if it 
will not function smoothly and in 
the manner the user wishes, it ts 
worthless. Late in 1946 an analysis 
of our renew point inspection was 
made. The results of this analysis 
were as follows: 

1. Tolerances were too close for 
existing inspection equipment 
to distinguish the good from 
the bad, other than smooth- 
ness. 

2. With the then existing pro 
cedures and equipment cer- 
tain grades of pens overlapped 
other grades because of equip- 
ment and dependence on in- 
spectors’ judgment. 

At this time the decision had to 

be made of either securing more 
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FIGURE |! —OPTICAL COMPARATOR USED AT 
ESTERBROOK PEN COMPANY 


accurate inspection or discarding 
the graded point system. Accord- 
ingly, development of better inspec- 
tion equipment was begun. While 
attending the First Annual Con- 
vention of ASQC in Chicago, the 
latest types of inspection equip- 
ment were on display and among 
these were some optical compara- 
tors. The optical comparator as an 
inspection device had the advan- 
tage of enlarging the pen point suf- 


ficiently so that the variations we 
wished to control (slit width, off 
center assembly, point strain, and 
point shape) could be measured 
visually directly on the screen of 
the machine by the inspector. (See 
Figure 1.) 

The problem involved was the 
question of speed of operation 
which controlled the cost of inspec- 
tion. A fixture allowing automatic 
focusing was developed which gave 
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us the necessary operation time al- 
lowance. By the installation of this 
method for 100% inspection it was 
possible to alter an assembly oper- 
ation to give us an ultimate annual 
saving of approximately $12,000. 
These machines paid for themselves 
in about: four months. 

Our prime concern here, how- 
ever, was not one of cost but of 
quality. Our variations and over- 
lapping of grades were quickly re- 
duced to about half of what they 
had been previously. Still not con- 
tent, the inspection operation was 
again analyzed with the following 
results: 

1. Equipment variability not sig- 

nificant. 

2. Operator variability was sig- 

nificant. 
The above results were determined 
from data taken from renew points 
inspected during the month of 
January 1949 by five operators in 
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the Inspection department. Frac- 
tion defective, or p charts, were ap- 
plied to each operator as a meas 
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ure of inspector quality not prod- 
uct quality and the charts clearly 
showed that operators No. 3 and 
No. 5 were responsible for the un 
due variations. (See Figure 2.) 

In January the average inspec- 
tion error for the five operators 
was 0.8%; by April Ist the average 
error had dropped to 0.6%, and 
finally by June Ist the average er- 
ror was 0.5% with only 3 points 
out of control (all caused by oper- 
ator No. 5) from February Ist when 
the controls were applied to the 
end of the first week in June. (See 
Figure 3.) These improvements 
were accomplished through the re 
education of the inspectors causing 
the trouble by keeping the control 
charts constantly before each oper- 
ator so that she could watch her 
progress as each point was plotted: 
also by the removal of operator No. 
5 (See Figures 4 and 5) who was 
unable to correct her mistakes in 
inaccuracy as No. 3 did. 

Today, we have an inspection 
procedure which has reduced the 
demand for human judgment to a 
minimum by the use of proper 
equipment, and which has reduced 
the human error to 0.5% by the 
use of p charts on a sampling basis 
This new procedure has improved 
product quality, increased produc- 
tion, and created a spirit of quality 
consciousness in the _ inspection 


group. 
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BAR CHART OF PAID-UP ASOQC MEMBERS PER SECTION (Continued from page 24) 
AS OF NOVEMBER 28, 1949. Mr. E. F. Gibian, Chief Indus- 

50 100 150 200 Z50 300 trial Engineer of the latter com- 
RS pany, was also a member of the 
panel I mentioned earlier, and he 
described three actual cases of pro- 
O. Com. motion from the Quality Control 
ESTERN mass. Department to supervisory posi- 


9) 
NEW HAUPSHINE tions— 
BALTI“{ORE “Man No. | was among the 
first quality control depart- 


DELAAARE 
ment members who received 

METROPOLITAN BSS SSS training in statistical quality 
PHILADELPuIA SSSA control procedures and started 
ASHINGTON to apply them back in 1945. 
Ihe results were startling, but 

uatnent no more phenomenal than the 
41 CHI GAN KS) progress of the man himself. 
MID-HUDS ON He acquired a better under- 
ROCHESTER standing of men, machines, 
and materials, suggested im- 
a Som proved methods, and became 


—_S 
ES 
SSS 
SSS 
ESS 
SYRACUSE -——ESSS an expert on complicated test- 
SI 
=: 
SSSSSSSSY 
— 








TOR 
HARTFORD 











TORONTO ing procedures. Recently, we 
CINCINNATI launched a project of a pilot 

plant for a new, revolutionary 
DAYTON Sn process, where close control is 


GEORGIA a paramount requirement. We 

OHIO INNANANAAS | looked for a competent man to 

— —~ take charge, and this man was 
selected for the post. 

pues “Man No. 2 also developed in 


TOLEDO ) the Quality Control Depart- 
= 
SJ 





ment where he showed apti- 




















|MUNCIE le f i i li 
tude tor advancec uality con- 
CHICAGO ANY Pox Ca Quaist; “ 
trol techniques. He became 
ILLINOIS familiar with deviations from 
INDIANA KAN product specifications, their 
soma i causes and means of correc- 
tion. He learned and demon- 
il LNAUKEE la sl 
strated patience in his contacts 


with the factory organization. 

-B. INDIANA Recently, he was chosen to fill 

OCK RIVER VAL. the position of Sales Engineer 
in our Jet Division. 


SJ 
ESSSSS 
TESS 
LOUIS some ‘Man No. 3 was an inspector 
TS 
ee 









on aircraft valves. He learned 
every manufacturing step, how 
and why parts are made right 

















T LARGE NAN ‘ 
or wrong. We made him a 
MEMBERSHIP manufacturing department su- 
This chart, supplementing that published in November, shows that pervisor, from where he pro- 
good progress has been made since September 30th. The fact that some gressed to General Foreman 
bars are considerably longer than others depends to a large extent on the and finally to Assistant Super- 
size of the Section. Length of the cross-hatched portion to total length intendent of one of our plants 
indicates progress made. Even so the comparison probably should not employing 10,000 people.” 
be given too much weight until the next report becomes available at INJUNCTION TO QUALITY 
which time the picture presented should be a pretty accurate one indeed. CONTROL AND 
Now let's see how our membership figures compare with those of last MANAGEMENT 
year. On December 9, 1948, there were 1,798 paid memberships or just So I say to you quality control 
over 85 per cent of all those secured during 1947-1948. This compares men—forget your inferiority com- 
with 2,037 paid memberships so far this year, equal to 78 per cent of the plexes about being non-productive 
total for 1948-1949. The nearly two weeks’ difference in time may account overhead; quit building up defense 
for the drop from 85 per cent to 78 per cent although it should be kept in mechanisms, trying to justify your 
mind that part of the lesser figure may be due to other causes. existense, trying to “‘sell” manage- 
J. R. STEEN, Chairman, Committee on Membership ment on your value; forget your 
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fears about being liquidated when 
the economy axe begins to swing. 

Instead, think only of your en- 
viable position in being able to 
contact all departments and phases 
of yout Take advan- 
tage of this position and learn all 
you can; study every problem you 
meet, and attempt to solve it analy 
tically, tactfully, and economically; 
study the personalities associated 
with each problem, and engrave 
indelibly in your mind the ap 
proaches which fail and which suc- 
ceed with each type. Never forget 
that while you do not personally 
manufacture the item, your effort 
bears a direct relationship to the 
percentage of that item which can 
go out to the Shipping Department 
as good production. 

If you work at your job, instead 
of trying to sell your job, the sell- 
ing will come automatically. A 1% 
reduction in waste will mean more 


ope ration 


to your management than the most 
impassioned plea about your value 


to the company. Results speak for 
themselves; let them do the talking 
for you. 

Io you management men, I say 

Look at your quality control men 
Don't think of them 
merely in terms of overhead cost 
Look at them as an investment, 
and weigh your return on the basis 
olf results achieved. If you do not 
receive a return on your invest 
ment, don’t condemn Quality Con 
trol, but change its personnel, and 


objectively 


try again 

When you buy stocks or bonds, 
you do so because you have learned 
from an historical background that 
the return on your investment is 
likely to be greater than if you 
left the money in a savings account 
If the return isn’t greater, you don't 
condemn investments; you merely 
try others 

Apply the same thinking to your 
quality control activity The his 
torical background is there, for in 
the few years since the beginning 


of World War II, savings in ma- 
terial and man-power have been 
enormous. Don't say “Well, I can 
see how it’s possible in that indus- 
try, but it can’t work in mine.” It 
has succeeded in the most unusual 
types of businesses, in businesses 
that first said “It can’t happen 
here.” It has succeeded not merely 
because management desired it, but 
because this imple 
mented by an intelligently-organ 
ized, properly-staffed, and ade 
Quality Control 


desire was 


quately-trained 
Department 

Think of these men, then, when 
you think of promotions to super 
visory positions. Think of the vari 
ety of contacts they have made and 
the perspective they have acquired 
Think of the tough assignments 
they have faced, and the successes 
they have achieved. Think always 
of the Quality Control Department 
as a training ground for future su 
pervisory personnel, and it will 
pay you big dividends 


STATISTICS AND QUALITY CONTROL 
IN ENGINEERING COURSES 


Report of the Subcommittee on College Courses, ASQC 


umerous requests to the Society 
for information about course 
offerings in statistics and quality 
control have led the Subcommittee 
on College Courses to conduct a 
survey of the teaching of these 
courses among the engineering col- 
leges of the United States and Can- 
ada. This report summarizes the re- 
sults of that survey and presents 
certain recommendations which 
have been made by the subcommit 
tee and the Committee on Rela 
tions with Educational Institutions 
at their various meetings. 
THE SURVEY 
A two-page questionnaire and 
cover letter was sent to 162 institu 
tions listed in the year book of the 
American Society for Engineering 
Education. It consisted of nine sec 
tions, including teaching personne! 
undergraduate and graduate work 
for engineers in statistics and qual 
ity control, correspondence and ex 
tension courses in quality control, 
complete graduate programs, and 
remarks 
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TABLE | NUMBERS ENROLLED IN COURSES 
Number engineering colleges queried 162 
Number engineering colleges replying 105 
Seniors (1948-49) in 162 colleges (Approx.) 45,000 
Seniors (1948-49) in 105 co-operating colleges $4,450 
Number colleges reporting courses in statistics 49 
Number colleges reporting courses in quality control 35 
Fstimated engineers taking undergrad. statistics (1949) 2,180 
Estimated engineers taking undergrad. statistics (1946) 450 
Estimated engineers taking undergrad. Q. C. (1949) 9 050 
Fstimated engineers taking undergrad. Q. C. (1946) 244 
lotal number of graduate enginecring degrees 1949 4,500 
Fstimated number of enginecring graduates taking courses In 

560 


statistics and quality control 1949 


Returns were excellent, 105 or 
65°, of the institutions replying, 
covering 76°, of the graduating 
senior class for the year 1948-49 
Study of the returns and the col 
lege lists makes it appear likely that 
the majority of schools not report 
ing offer no substantial work in 
those fields 

Table | shows the approximate 
figures obtained as a result of the 
survey The students 


takine course 1s that specifi 111% 


numbe I ol 


reported, plus a 20% allowance for 
those college. that reported “a few’ 
or put down the entire engineering 
enrollment. Many of those taking 
quality control have had previous 
courses in Statistics, thus showing 
duplication in the overall picture 
This table deals with engineering 
students only 
DEFINITIONS 

A few of the respondents profess 

betwecn 


inability to distinguish 


the tern tatistics’” and “quality 


i a| 


ai 








control.” While there is doubtless 
some overlapping, three points can 
be borne in mind in connection 
with this report. 

(1) Most textbooks in elementary 
mathematical and business statis 
tics do not deal with the problem 
of the control of processes with non- 
stable sources of data. 

(2) Quality Control, broadly in 
terpreted, consists of statistical con 
trol techniques plus the problems 
of measurement and the interrela 
tion of research, design, procure 
ment, production and inspection. 

(3) Statistical Quality Control 
is a portion of the broad field of 
Statistics. 

Practically all the courses re- 
ported as quality control are basi 
ally statistical in nature. One or 
two apparently emphasize organi 
zation rather than method. A few 
colleges report inclusion of quality 
control in a variety of survey cour- 
ses, but in view of the difficulty en- 
countered in a first approach to 
the statistical outlook, they seem 
to have little bearing on this sur- 
vey 

UNDERGRADUATE COURSES 

The colleges reporting courses 
for statistics and quality control 
show a wide range in credit hours, 
text materials and prerequisites 

Credit hours in statistics vary 
from three quarter hours to six 
semester hours and the prerequi- 
sites vary from none through col- 
lege algebra to differential equa- 
tions, the stiffer prerequisites in 
general being required for courses 
taught in mathematics depart 
ments. In most engineering curric 
ula, statistics is an optional course; 
however, it is required in many In 
dustrial Engineering and Adminis 
tration programs, and in some Me 
chanical, Electrical and Metallur 
gical curricula 

Credit hours in quality control 
vary from two to four quarter hours 
to two to four semester hours. 
About half of the colleges require 
a prerequisite of business or mathe 
matical statistics, the majority of 
others requiring junior or senior 
standing, the equivalent of mathe 
matics through the calculus. A few 
require no prerequisites or one 
year of mathematics. Industrial En 
gineers again lead the held, al 
though in most schools reporting, 
quality control is optional for all 
engineers 

The estimate of 2050 engineers 


28 

















TABLE 2— WHERE COURSES ARE TAUGHT 
Department Teaching Undergraduate Graduate 

Stat. Q.C. Stat. and Q. C. 

Math. and Stat. 26 10 8 

Commerce 14 3 4 

Engineering 8 20 7 

Other ] 2 2 

49 35 21 














taking quality control in 1948-49 
compares with 244 taking such 
courses in 1945-46. The growth in 
interest is pronounced in both sta- 
tistics and quality control. Five 
schools mentioned that courses are 
going into effect in the fall of 1949 
and others are planned for the near 
future. Iwo schools report elimi- 
nation of statistics in recent years, 
as a result of the pressure for more 
“humanities” in the curricula. On 
the whole, the replies showed a 
keen interest in the subject of the 
survey and many helpful comments 
were listed. The committee appre- 
ciates the efforts of the respondents. 


GRADUATE COURSES 

It would appear that at present, 
statistics and quality control play 
a larger part in graduate engineer- 
ing programs than in the under- 
graduate. More than ten percent 
of graduate students took such 
courses in 1948-49, compared with 
an estimated six percent in under- 
graduate curricula. Graduate pro- 
grams are more flexible than un- 
dergraduate, making it easier to in- 
clude new material. The emphasis 
on research in advanced work also 
makes the value of statistical tech- 
niques more obvious. 

Most of these courses are offered 
in mathematics and engineering de 
partments. Some require a_ basi 
course In statistics as a prerequisite, 
others require none, and at some 
institutions, undergraduate courses 
are available for graduate credit, 
with or without additional work. 

Reports on graduate programs 
in statistics and quality control 
were quite variable, but at least 
thirteen colleges reported programs 
leading to the M.S. or Ph.D degree. 

Those _ institutions reporting 
graduate credit in quality control 
and those offering majors in statis 
tics and quality control are listed 
in Appendix B. All of these col 
leges, plus many more, offer sub 
stantial minor programs in statis- 
tics for graduate engineers 


TEACHING PERSONNEL 

The survey indicates a variation 
in the status of these courses in the 
various institutions. Table 2 shows 
the distribution of teaching by de- 
partments and colleges. Commerce 
includes the departments of Busi- 
ness Administration, Economics, In- 
dustrial Management and Account. 
ing. One college reports the teach- 
ing of statistics and quality control 
in Political Economy! A random 
check of 72 names listed on the 
questionnaires as interested in the 
teaching of statistics and quality 
control showed that 24 were mem- 
bers of ASQC, according to the 
1949 year book. They include ail 
departments and range in rank 
from dean and full professor to 
instructor and special lecturer. 
Many of the 24 members come from 
a handful of institutions. 

EXTENSION AND NON- 

CREDIT COURSES 

Several institutions report non 
credit evening courses in quality 
control for local industrial person- 
nel, and some few appear to have 
a regularly scheduled program of 
intensive short courses. More could 
be available if industry would 
make its needs known. This was 
mentioned on several returns. 

ASQC COMMITTEE 
RECOMMENDATIONS 

At the first meeting of the Com- 
mittee on Relations with Educa- 
tional Institutions, (June 5-6, 1947) | 
several broad principles and recom- 
mendations were adopted, and sub- 
sequent meetings have amplified 
and extended them without chang- 
ing their basic content. The follow- 
ing quotations are excerpts from 
the 1947 report. 

I. General Recommendations 

1. “The committees believe that 
the best interests of the Society, in- 
dustry, schools, and students will 
be served by resisting pressure for 
specialized curricula leading to a 
degree in quality control or indus- 
trial statistics for undergraduate 
engineering students. The commit- 


INDUSTRIAL QUALITY CONTROL 





APPENDIX A—ENGINEERING COLLEGES REPORTING UNDER. 
GRADUATE COURSES IN QUALITY CONTROL — YEAR 1949-50 





Alabama Polytechnic Institute 
Alabama University 

Carnegie Institute of Technology 
Case School of Applied Science 
Clarkson College of Technology 
Colorado University 
Connecticut University 

Cornell University 

Illinois Institute of Technology 
University of Illinois 

State University of lowa 

Johns Hopkins University 

The University of Kansas 
Lehigh University 
Massachusetts Institute of Tech. 
Michigan State College 
University of Michigan 
University of Minnesota 
Montana State College 


New Mexico College of A and M 
New York University 

North Carolina State College 
Northwestern University 
University of Notre Dame 

Ohio State University 

The Pennsylvania State College 
Univ. of Pa. (Moore School of EE) 
University of Pittsburgh 
University of Southern California 
Stanford University 

Syracuse University 

University of Tennessee 

A and M College of Texas 
Virginia Polytechnic Institute 
University of Washington 
University of West Virginia 
University of Wisconsin 
Worcester Polytechnic Institute 





APPENDIX B—GRADUATE WORK IN STATISTICS AND 
QUALITY CONTROL REPORTED FOR 1949-50 








Alabama Univeristy 
Brooklyn Polytechnic Institute 


California Institute of Technology 


Carnegie Institute of Technology 
Columbia University 

Cornell University 

Harvard University 

Illinois Institute of Technology 
State University of Iowa 
Michigan State College 
University of Michigan 
University of Minnesota 
Newark College of Engineering 
New York University 

North Carolina State College 
Ohio State University 
Pennsylvania State College 
Princeton University 

Purdue University 

University of Southern California 
Stanford University 

University of Wisconsin 


Grad. Credit Complete Grad. 
in Q.C. Program in Stat. 
and Q. C. 
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This list may be neither complete nor accurate. It reflects the replies 


to the ASOC Questionnaire and can 


terested persons. 


serve as a guide for inquiry by in 





tee is equally certain that basic 
Statistics is fundamental to all 
branches of engineering endeavor 
and that it should be required in 
all undergraduate curricula. The 
aim is to make better engineers by 
familiarizing them with statistical 
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concepts and tec hniques. The So- 
ciety should devote a serious por- 
tion of its energies toward this end, 


in conjunction with other organiza 
tions having a like purpose. 
2. “A specific definition of basic 


statistics defies the abilities of the 


committees, but for the purposes 
mentioned above, a general ideal 
would consist of a year’s work (6 
credit hours) embracing the follow- 
ing topics: frequency distributions 
and measurements, linear correla- 
tion, multiple correlation, introduc- 
tion to tests of significance, control 
charts for variables and attributes, 
probability, sampling, application 
to tolerances and _ specifications. 
The exact order, or content, would 
depend upon instructors and local 
conditions. It is assumed that no 
matter what sequence of topics is 
followed, emphasis should be 
placed on practical application as 
well as the broader implications of 
the statistical approach. 

3. “The stated ideal of six semes 
ter hours does not assume imme 
diate or general acceptance as a re 
quirement for all engineers, but is 
rather a challenge to the future. In 
several institutions, a three-hour ap 
plied course emphasizing contro! 
charts and, acceptance sampling has 
obtained acceptance as a require 
ment for some courses and as an 
option for others, thus paving the 
way for a more complete program. 

4. “Further study in advanced 
correlation, analysis of variance, de 
sign of experiments or tests of sig 
nificance should not be required of 
all engineers, but rather presented 
as electives in the undergraduate 
curricula or postponed to the grad 
uate level. 

5. “The committees believe that 
the sponsorship of one or more 
graduate fellowships in industrial 
statistics by the Society in co-opera- 
tion with industry would do much 
to improve the prestige of the So 
ciety and to provide industry with 
needed talent. A subcommittee will 
be appointed by the executive 
chairman of the main committee 
to study this matter in detail and 
to make recommendations for 
transmission to the executive com 
mittee and board of directors. 

6. “The recruiting and training 
of qualified instructors in the col- 
leges and universities is a matter 
of concern. Certain recommenda 
tions appear in Section II.” 

II. Recommendations to the Society 
and the Membership 

1. “The committees appreciate 
the presence of Mr. Paul Peach's 
talk on “The Teaching of Statistics 
to Engineering Students” at the 
Second Midwest Conference and 
First Annua! Convention of the 
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Society (Clinic No. 28).* Over two 
dozen teachers in the fleld were 
present, along with a much larger 
number of industrial leaders, and 
the discussion could have lasted for 
several hours The committees 
specifically recommend that pro 
gram commiuttees for regional and 
national gatherings continue and 
amplify this practice 
tion might be given to a series of 
clinics on the subject. (This has 


Considera 


been done.) 

2. “Local sections and individual 
members are urged to secure the 
attendance of college and univer 
sity teachers at such meetings, and 
to encourage their active interest 
in the Society and its activities 

%. “Individual members are urged 
to exert pressure on educational in 
stitutions to present the teaching 
of statistics to engineering students 
One letterhead trom a company 
hiring graduates is worth ten from 
a technical society 

1. “Members and local sections 
are urged to secure speakers for lo 
cal meetings of the American So 
ciety for Engineering 
and the technical societies. The 
national society should do likewise 


Education 


at the higher echelons 
5. “Opportunity for summer em 
ployment in the quality control 
field should be afforded teachers of 


the subject. At present this seems 


* See Conference Papers, p 


to be a matter for individual mem- 
bers, perhaps in conjunction with 
local sections.” 

CONCLUSIONS 

Recognition of statistics as a 
basic tool for all engineers is mak- 
ing real headway, and progress is 
being made in introducing basi 
and applied courses in the engi- 
neering colleges. Much work needs 
to be done to develop courses in 
statistics for engineers that are at 
once mathematically sound and of 
interest to the student. 

Industry is exerting pressure for 
undergraduate statistics on the en- 
gineering colleges. This pressure is 
honorably exerted by the attitude 
of recruiting personnel. This cau 
and should be intensified by mretus- 
bers of ASOC and their associates. 

The committee notes with some 
gratification that over half the cour 
ses available in quality control are 
presented by engineering depart 
ments, indicating an awakening In 
terest in the statistical problem by 
the faculties 

However, the engineering teacu 
ers are apparently not yet aware of 
the basic nature of statistics in the 
presentation and analysis of experi 
mental data It will be noted 
(Table 2) that in many cases both 
engineering and mathematics have 
defaulted to commerce schools in 
the presentation of general statis 
tical methods. While this does not 
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JOSEPH MOVSHIN, Editor 


imply criticism of the latter for 
taking up the burden where others 
have failed, there is reason to doubt 
that instructors in commerce are 
able to present the complete posi- 
tion of statistical methods in the 
scientific method as applied to en- 
gineering. It can be emphasized 
again that the aim should be for 
better engineers, not third-rate stat- 
isticians. 

Closer co-operation of local sec- 
tions with instructors in engineer- 
ing is desirable. In some cases, fi- 
nancial sponsorship of young in- 
structors would be worthy of con 
sideration. It must be remembered 
that these men already belong to 
several technical societies at their 
own expense. 

Readers who would appreciate a 
discussion of the problems involved 
in teaching of quality control are 
referred to an article by Edwin G. 
Olds and Lloyd A. Knowler in the 
June 1949 issue of the Journal of 
the American Statistical Associa- 
tion (Vol. 44, No. 246) “Teaching 
Statistical Quality Control to Town 
and Gown.” 

C. S. Barrett, Western Electric Co. 
E. L. Grant, Stanford University 
F. G. Norris, Wheeling Steel 
\. C. Richmond, 
International Harvester, 
Executive Chairman 
J. A. Henry, University oi !linois, 
Chairman 


Assisted by the Editorial Committee, St. Louis Section, ASOC 


EDITORIAL NOTE 
Beginning with this issue, Industrial Quality Control 
will include a Bibliography Department as a regular 
Joseph Movshin will serve as editor of 


feature. Nir 





On matters concerning the Bibliography De 
partment, send correspondence, 
contributions to: Mr. Joseph Movshin, 9220 Old 
Bonhomme Road, St. Louts 24, Mo. 


suggestions, and 


this department in cooperation with the Editorial 
Committee of the St. Louis Section, ASOC 

In the rapidly developing held of Statistical Quality 
Control, the demand for information far exceeds the 
available book references. There is, however, a con 
stant stream of articles published in the various trade 
and technical periodicals. It is our aim to make these 
titles available to all ASQC members as a continu 
ously growing reference source, and to present periodi 
cally, lists of the latest articles published 

These references will be obtained by a large group 
of reporters, each being responsible for the review of 
I he s¢ 


a few publications reporters will be active 
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members of our society who have volunteered to carry 
on this work. This group will be divided into several 
sections, each under an Associate Editor of the St. 
Louis Editorial Committee. Each Associate Editor 
will in general be responsible for a related industrial 
He will maintain a 
complete file of the publications to be covered by his 
distribution of this work 


or technical group of periodicals 


group, and arrange the 

among his reporters 
Monthly, these Associate Editors will turn in to the 

Bibliography Editor, a card report of each article 
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found, and a list of negative coverages. The Bibliog- 
raphy Editor will in turn compile these data for use 
in the Bibliography Department of Industrial Quality 
Control. 

Although it is expected that the scope of this actiy 
ity will increase with time, space limitations in LOC 
will probably prevent a full coverage of all available 
references. Consequently, no claim will be made that 
titles listed in this department are exhaustive. Rather 


it will be the aim to give as full coverage as possible 
to references as nearly current as possible 

Ihe Editorial Committee of the St. Louis Society 
for Quality Control invites the active participation in 
this work of any interested section or member of 
ASOC. Comments, suggestions or criticisms will be 
welcomed. We hope that very soon this Bibliography 
will be of use to, and contributed to, by the entire 
membership of the American Society for Quality Con 
trol 





APPLICATIONS — CHEMICAL INDUSTRY 


STATISTICAL METHODS IN ANALYTICAL 


CHEMISTY, John Mandel, National Bureau of 
Standards, Washington, D. C. 
(Journal of Chemical Education, v. 26, n. 10, 
Oct. 1949) 
The article deals with two sets of data. The first illustrates 
the principle of design. The second is concerned with the 
final interpretation of the data. Methods of using analysis 
of variance are shown. The article was presented before the 
Third Annual Microchemical Symposium sponsored by the 
Metropolitan Microchemical Society of New York on Feb 
28, 1948, in New York City 
USE OF STATISTICAL METHODS STRESSED 

BY BREWING CHEMISTS, a Staff Report 
(Chemical and Engineering News, v. 27, n. 18, 

May 2, 1949) 

Eugene Becker, Central Grain & Malt Company, Chairman 
of the Sampling Committee, stressed the use of statistical 
methods in the brewery and brewery laboratory All subse 
quent papers were discussed with this paper as a criterion 
for comparison 
STATISTICAL METHODS IN THE CHEMI- 

CAL INDUSTRY, Beverly L. Clarke, Director 

of Chemical Control, Merck & Co., Inc., Rahway, 

New Jersey 
(Chemical and Engineering News, v. 27, n. 20, 

May 16, 1949) 

Application of statistical methods to chemistry 1s far behind 
their use in other types of industry. A few examples of the 
kinds of service which present day statistical science can 
render will prove the worth of this fast growing accessory 
technique 

APPLICATIONS — ELECTRICAL INDUSTRY 
QUALITY CONTROL MAKES GOOD IN A 

HEARING AID PLANT, A. B. Mundel, Chief 

Engineer, Quality Control & Inspection Division, 

Sonotone Corporation 
(Standardization, v. 20, n. 6, June 1949, pp. 141) 

Quality Control in the design, production, and inspection 


of hearing aids, and midget vacuum tubes 


APPLICATIONS — FOOD INDUSTRY 
THE STATISTICAL USE OF SEVERAL ANA 
LYTICAL CONSTITUENTS FOR CALCU 
LATING PROPORTIONS OF INGREDIENTS 
IN CERTAIN FOOD PRODUCTS, |! H 
Steiner, British Food Mfg. Industries Research 


Association 
(The Analyst. v. 74, n. 881, August, 1949) 
Methods are shown for calculating the optimum combina 
1] 


tion of two constituents in a single product as we as the 


application to more than two constituents. Lists as a reference 
another article by E. H. Steiner 
Application of Statistical Methods tn Calculation Propor 
tions Of Ingredients in Certain Food Products Analyst 
1943, 73 
APPLICATION — MEDICAL & DRUG INDUSTRY 
VITAL CAPACITY MEASUREMENTS IN COR. 
NISH TIN MINERS, Jessie Garrad, Dept. of Re 


search in Industrial Medicine (Medical Research 
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Council) London Hospital. 

(British Journal of Industrial Medicine, i oO, i - 

Oct. 1949) 

Article makes use of Analysis of Variance, Mean Std. De 
viation, Zero Order Correlation Coeflicents and Regression 
Coethcients. Contains charts using the above types of statis 
tical analysis of the vital capacity of men 

APPLICATION — METAL WORKING 
HANDY QUALITY CONTROL FOR’ THI 

MACHINE SHOP, Clifford W. Kennedy, Quality 

Control Engineer, Federal Products Corp 
(Modern Machine Shop, v. 22, n. 6, Now. 1949) 

Simple explanation of the analysis of machine capabilitie 
by the use of the standard deviation 
HANDY QUALITY CONTROL FOR’ THI 

MACHINE SHOP, Clifford W. Kennedy, Quality 

Control Engineer, Federal Products Corp 
(Modern Machine Shop, v. 22, n. 3, August, 1949) 

Elementary explanation of frequency distributions and ay 


erage and range charts 
APPLICATION METALLURGICAL 

APPROXIMATE STATISTICAL METHOD 
FOR FATIGUE DATA, R. E. Peterson 

(ASTM Bulletin, n. 156, Jan. 1949) 

Correlation of Stress—Fatigue Data 
Paper discussed by J. W. Dudley, Chemical Engineer, Am 
erican Viscose Cory 

(ASTM Bulletin, n. 159, July 1949) 

QUALITY CONTROL IN) ELECTRIC FUR 
NACE MELTING, W. O. Igelman, Metallurgist 
and F. S. Nussbaum, Asst. Metallurgist, National 
Malleable & Steel Castings Co 

(Metal Progress, v. 56, n. 4, Oct. 1949) 

Not Statistical Results of various metallurgical techniques 
ENGINEERING & EXPERIMENTS 

SIGNIFICANCI TES] Ol} ENGINEERING 
DATA, Paul E. Thompson, G. E. Company, West 
Lynn, Mass 

Electrical Engineering, v. 68, n. 11, Nov. 1949) 
Phus article points out the value of evaluating process data 

by probability functions. Significance of differences between 

standard and observed values are determined and discussed 

Cases are presented to illustrate the type of problem confront 

y the engineer as a demonstration of the logic rather than 


ng 
the mathematics of a significance test 


MANAGEMENT & PERSONNEL 

QUALITY CONTROL AS A MANAGI MENI 
METHOD, A. V. Feigenbaum, G. E. Company, 
Schenectady, N. Y 

(Electrical Engineering, v. 68,n. 62, December 1949) 
Improved product quality, reduced manufacturing losses 

and costs, and better product designs are among the benefits 

which management can gain from a modern, coordinated 

quality control program 

WHAT QUALITY CONTROL DOES, Abstract 
from an address by J. Manuele, Director of O. ¢ 
Westinghouse Electric Corp 

(Machine Design, v. 2], n. 11, Nov. 1949) 
Lists requirements for a successtul OF ¢ program and 

results which management can expect therefrom 
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BET IER TOOLS, BETTER METHODS — KEY 


ACHIEVING 





QUALITY CONTROL 


1O INDUSTRY'S NEEDS, Production Round PHROUGH STATISTICAL METHODS PLUS 


Table discussion, Frank M. Scotten, Editor of 


P. E. & NM 


(Production Engineering and Management, v. 24 


n. 5, Nov 1949) 


One and a half pages of the above arti 


discussion of advantages and disadvantage 


trol 


SAMPLING PLANS AND RELATED TOPICS 
STATISTICAL CONTROL VS 
INSPECTION, excerpt from a paper by, E. H. 


Mac N iecce 


(Standardization, v 20, n. 6, June 1949, pp. 144) 


\ very short optimistic comparison of sampling with the 


reliatnlity of 100 inspection 


THEORY & APPLICATION — GENERAL 
STATISTICAL QUALITY CONTROL, A Tech 


nology Department Article 
(Fortune, v. XL, n. 5, Dec. 1949) 

An excellent general description ol 
basis, techniques, and applications 


. 


LR PPP LD LA AA AA he lll lll lll lll ™ 


100 PERCENT 


Quality Control, its 


POOL CONTROL, G. E., Trenton, N. J. 
QUALITY CONTROL AT LAMSON AND SES- 
SIONS, Charles R. Kendel, Chief Inspector, Lam- 


son & Sessions, Cleveland, Ohio. 


devoted to a i Tool 


ot Quality Con §8-72) 


are 


Die Journal, v. 40, n. 7, Oct. 1949, pp. 


(Ouality Control Feature Issue) 


QUALITY CONTROL—FOR MORE PRODUC. 
PION, LESS COST, J. N. Berrettoni 
(SAE Journal, v. 57, n. 8, August 1949, pp. 21) 


\dvantages and basic concepts of Statistical Quality Control 


tric Corp. 


ROAD MARKERS ON THE HIGHWAY OF 
PRODUCTION, Joseph Manuele, Director, 
Quality Control Department, Westinghouse Elec- 


(Mill & Factory, v. XLV, n. 2, August 1949, pp 


105 9) 


General review of Statistical Quality Control techniques 


and their use in predicting product quality 


Practical Aids 


ELLIS R. OTT, Editor 





Normal Curve Area Nomogram 


EDWARD C. VARNUM 


Mathematician, Barber-Colman Company, Rockford, Il. 


Wi" the increased use of the 
normal frequency distribution 
curve, added interest has been at 
tached to its properties. At the 
same time there is an increasing 
use olf nomograms in technical lit 
crature, the most recent type being 
the circular nomogram which has 
an appealing appearance as well as 
the convenient property of keeping 
all scales and their extensions in a 
finite region. The construction of 
circular charts has been described 
in a recent text® so the present 
nomogram is undoubtedly the first 
of many soon to be published in 
this and other technical magazines. 

One of the first items of study by 
those seeking a statistical back- 
ground for the appli ation of math- 
ematical principles to inspection 
problems is the normal frequency 
distribution curve It is pointed 
out with great care that machines 


* Ihug'a R 1 aml Adama, D. Po Fl 
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produce parts whose dimensions 
obey the normal frequency distri- 
bution law just as do the heights 
and collar sizes of soldiers or the 
basal diameters of egg-capsules of 
Sipho curtus**. Machine operators 
who take such teachings seriously 
begin to abandon efforts to “hug 
the high limit” when they realize 
the true impact of the universality 
of the normal distribution law. 
The chart in this paper ts pre- 
sented to readers of IJndustrial 
Onality Coutrol tor convenience in 
gaining familiarity with the nor- 
mal frequency distribution curve 


* Croxton, Ff } im!l Conden. D | {iplied 
re Vial ». 262 Prentuc Hall 194 


and the relation between’ band 
width and area under the curve. 
Although a careful study of a table 
of areas found in the appendix of 
any statistics text will provide the 
same information, it ts felt that 
many readers can gain more readily 
an acquaintance with the normal 
curve by use of a straight edge and 
the nomogram. 

In this discussion, we shall use 
the term band to designate an area 
which has been shaded in the fig- 
ure; that is, an area extending out 
from the center line a certain dis- 
tance which will be called the band 
width. 

To determine the area of a par- 
ticular band B of a normal curve, 
whose standard deviation o is 
known, we draw a line from the 
point on the top scale correspond- 
ing to the standard deviation. 
Then we extend this line and read 
the desired percent of area on the 
bottom scale of the nomogram. 
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4s an example, consider a nor 
mal curve having a standard devia 
tion of 4 units (a 1), as shown 
in the figure lo find the percent 
ol area included in a band width 
of 7 units, join the points corres 
ponding to 7 on the upper semi 
diameter, as 


When 
this line is extended, it is seen that 


circle and 4 on the 
indicated by the dotted line 


it crosses the lower semicircle at 46 
This tells us that 46°, of the ertire 
area under the curve lies within 
the band which has been shaded in 
the figure 

If a given area extends on both 
sides of the center line, then it can 
be determined by finding the areas 


of its two component bands, one 


on the right and the other on the 
left of the center line, and their 
sum is the desired percent. Simi 
larly, if an area is contained in one 
tail of the curve, it can be found as 
the difference of two bands 

\s a further example, the reader 
can pass a straight line through 22 
on the upper scale, 50 on the 
middle scale and 17 on the lower 
scale This indicates that 17°, of 
the area lies under a band 22 units 
wide if the standard deviation is 
50 units. The decimal point can 
be moved simultaneously on both 
the upper semicircle and the diam 
eter. Therefore, we still read 17°; 
if we use a 2.2 band width and a 5.0 


Likewise, the 
same percent holds for a .022 band 
with a .050 standard deviation 


standard deviation 


The nomogram can be used to 
find the band width corresponding 
to a given percent ol area and a 
given standard deviation Thus 
we find that a band to the right 
of the mean must be 9 units wide 
if it is to contain 24°) of a curve 
standard deviation is 14 
We can also find the stand 


whose 
units 
ard deviation required for a given 
band width and percent of area, 
e.g., a normal distribution contain 
ing 29°" of its area in a band .025” 
wide must have a standard devia- 


tion of .O0351”. 


Book Reviews 


STATISTICAL METHODS 
IN RESEARCH 


Palmer O. Johnson. Prentice Hall, 
Inc., New York, 1949. 16 +- 377 
pages. $6.65. Review by Irving W. 
Burr, Purdue University. 


mhhis book has been written with 
the needs of educators and psy 
chologists primarily in mind. As a 
consequence the choice of subject 
matter and = illustrative examples 
was largely pointed in this dire 
tion Nevertheless, the 
Statistician can make much good 
use of the book 
gauged by the chapter headings (ab 
breviated somewhat) |. The Realm 
ot Statistics Z Probability and 
Likelihood; 3. Sampling Distribu 
Pesting of Statistical Hy 
Estimation ol Popula 
tion Parameters; 7. Normal and 
Normalized Distributions in Statis 
tics; 8. Analysis Under Non-Normal 
Assumptions; 9. Sampling Theory 
and Practice 10-11. Background 
and Applications of Variance and 
12-13. Principles and 
Experimentation; 


industrial 


Its scope can be 


tions; 4-5 
potheses h 


Covariance 
Applications of 
14. Multiple Regression Problems 


The author's commendable aim 
is to present the newest approaches 
and techniques with emphasis on 
how to choose the most effective 
statistical tool: what are the basi 


assumptions of the tool; and how to 
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test whether these are fulfilled. The 
first part of this aim seems to this 
reviewer to be well accomplished 
with a long list of newer theory 
and practice. The latter aim seems 
fulfilled; for example, 
Chapters 5 and 6 more nearly re 
semble lists in form rather than a 
unified outline showing what kinds 
of problems the kit of tools can 
handle. The assumptions do not 
always seem to be emphasized. Ap 
proximately equal amounts of space 
are often allotted to techniques 
of quite unequal importance. The 
illustrative examples seem to this 
reviewer to be too brief, since some 
explanation on how the problem 
arose and a fuller interpretation of 
results obtained would be helpful 


less well 


in a number of cases 

lhe book assumes some previous 
statistical background and some 
mathematical maturity since there 
are some derivations and a great 
many formulas An elementary 
course in statistics, or a reasonable 
through books 


browsing around 


like E. L. Grant's Statistical Qual 
ity Control should qualify one to 
profit from the book. 

As a reference work for the prac 
ticing statistician or quality control 
man, the book will prove highly 
beneficial. It has such a wide cov- 
erage of modern techniques and 
such a splendid collection of refer- 
ences at the end of each chapter 
that the worker will find the book 
very useful in looking up ways to 
handle data and problems. Where 
ever the explanation may be too 
brief he can go back to the refer 
ences for more information. 

There are naturally some ques 
tionable spots in the book. Among 
these may be mentioned the fol- 
lowing: On page 36 there are two 
errors in the application of the chi 
square test of the goodness of fit 
of the normal curve. In the first 
place, theoretical frequencies below 
5 are not permissible in this test, 
and in the second place the author 
did not subtract 2 from the degrees 
of freedom which is necessary be 
cause of having fitted both the 
mean and standard deviation from 
the data at hand. On page 60 a 
population is given to be used for 
sampling experiments, which the 
author calls “normal.” It is the 
strangest “normal” population this 
reviewer has ever seen. The use of 
Snedecor’s F on page 136 seems 
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quite indefensible because the pos- 
sible measurements in each cell are 
0 and | only and cannot be nor- 
mal at all. The method of com- 


bining the two approaches used in 
testing an hypotheses, shown on the 


top of page 172, is likewise open to 


question. 

Despite these and some other im 
perfections the book will prove of 
much use to the quality control 
man with enough statistical back 


ground so that he can understand 
the presentation and can_ select 
what he can use, and who has the 
imagination to translate psycholog- 
ical examples into industrial prob 
lems 


AMERICAN SOCIETY NEWS 


BELL SYSTEM PRESENTS 

HISTORICAL DOCUMENTS 

The Bell Telephone Labora- 
tories has presented the Society 
with a framed photograph of the 
original documents on quality con- 
trol as prepared by W. A. Shewhart 
for R. L. Jones on May 16, 1924 
The cover of this issue of Industrial 
Quality Control reproduces the 
photograph in full. 

These historical documents were 
presented to the Society on the 25th 
anniversary of Dr. Shewhart’s origi 
nal disclosure, and in commemora- 
tion of the presentation by the So- 
ciety of the first Shewhart Medals 
at its Boston Convention last May. 

The Executive Committee has 
expressed the thanks of the Society 
for this gift and thoughtful contri 
bution to the history of modern 
quality control. 


NOMINATING COMMITTEE 
REPORT, 1950 

The Nominating Committee has 
completed its work in_ selecting 
nominees for Society offices in 
1950-51. The official report of this 
committee is reproduced herewtih 
All members of the Nominating 
Committee are members of the 
Board of Directors as provided in 
the Constitution. 

5 December, 1949 
Mr. Simon Collie 
Executive Secretary, ASQC 
Dear Mr. Collier: 

In accordance with Section 52.e 
of the Constitution, we, the under- 
signed, being the entire Nominat 
ing Committee for 1949-50, duly 
appointed by the President with 
the approval of the Executive Com 
mittee on behalf of the Board of 
Directors under the provisions of 
Section 49 of the Constitution, do 
hereby report to you the following 
as our unanimously 
chosen for the several Society Of 
fices for the year 1950-51: 

For President: 

Wade R. Weaver 

Ohio Section 


nominees 


jANUARY, 1950 


For Vice President: 
Martin A. Brumbaugh 
Syracuse Section 
For Executive Secretary: 
Simon Collier 
Metropolitan Section 
For Treasurer: 
Alfred L. Davis 
Rochester Section 
Each of the above nominees has 
expressed to our Chairman his will 
ingness to accept if elected to the 
ofhce for which we have nominated 
him 
Section 55. of the Constitution 
expressly forbids the appearance 
on the Official Printed Ballot of 
any names other than those duly 
nominated either by the Nominat- 
ing Committee or by petition. In 
the past, this has been interpreted 
by some to invalidate any ballot 
on which the name of a preferred 
candidate has been written in by 
the voter. Actually, this provision 
of the Constitution is intended 
only to prohibit the printing on 
the Official Ballot of the name of 
any person not duly nominated, 
and we recommend that it be so 
interpreted hereafter 
In line with the interpretation 
last mentioned, it is our unanimous 
recommendation that the Official 
Printed Ballot be arranged to per 
mit the voter to write in the name 
of another candidate of his choice, 
in the event that he should not 
wish to vote for a nominee whose 
name is duly printed on the ballot 
Respectfully submitted, 
Ralph A. Hefner 
Wyatt H. Lewis 
E. H. MacNiece 
Paul A. Robert 
Frnest H. Robinson 
Dorian Shainin 
George D. Edwards, Chairman 


ERIE SECTION RECOGNIZED 

At its Princeton meeting in De 
cember, the Executive Committee 
approved the application of the 
Erie Section which 
39th Section of the Society 


becomes the 


The Erie Section will be part of 
the Central Region, of which Dean 
Ralph A. Hefner is Regional Di 
rector 

Officers of the new Section are 

National Director: Edward M 

Schrock 

Chairman: R. C. Miles 

Vice Chairman: A. H 

Secretary: B. |. Walker 

Treasurer: A. P. Heintz 

The Society welcomes the new 
Erie Section located as it is in an 


Croup 


important industrial area 





CONSULTING SERVICES 


Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ed- 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual- 
ification requirements for the several grades 
of membership are set forth in the Constitu- 
tion of the Society. 
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Senior Partner: 
W.E. JONES 
Fellow, ASQC 
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RALPH E. WAREHAM 
Fellow, ASQC 
CONSULTANT ON QUALITY CONTROL 


TELEPHONE 
CHAPPAQUA 715 
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POSITION WANTED 
QUALITY CONTROL ENGI 
NEER desires position setting up 
and supervising quality control in 
stallations Three 
hensive experience in quality con 


years COM pre 
trol department of large concern 
jachelor of Chemical Engineering 
Degree. Member of ASOC. Reply 
to 6D1, American Society for Qua! 
ity Control, 22 East 40th St., Ne “ 
York 16, N. Y 
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